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CONFERENCE  ON  MLK  CONC:,NTRATES 
October  17  and  18,  1955 


Conference  was  held  at  the  Eastern  Utilization  Research  Branch  with 
representatives  from  industry,  the  State  Agricultural  Experiment 
Stations,  universities,  milk  processors,  and  the  U#  S.  Department 
of  Agriculture  and  other  Federal  agencies  participating* 


This  report  summarizes  the  discussions  of  t.e  various 
speakers  during  the  conference*    If  x mother  details  re- 
garding any  particular  subject  are  desired,  they  r.iay  be 
obtained  by  communicating  with  the  person  concerned  (see 
appended  list  of  names  and  addresses)* 


Eastern  Utilization  Rese^irch  Branch 
Agricultural  Research  Service 
U,  S.  Department  of  Agricu^lture 
Philadelphia  18,  Pennsylvania 


V  - 


PROGRAM 


Monday,  October  17 


9:30  a.n.  Registration 

9:ii5  a.m»       Introductory  Remarks 


P,  A.  VJells,  Chief  of  Branch 


GENERAL 


10:00  a.m. 


1«    Iinportance  of  Milk  Concentrates  in 
the  Marketing  and  Utilization  of 
Dairy  Products 


Don  S»  Anderson 

CoiT2:-odity  Stabilization  Service 
U.  S.  D.  A. 
Wasliington,  D.  C« 


10:30  a*in.  Discussion 
10:h$  a,in« 

2#    \iJhat  Fonns  of  Concentrated  Ililk  are    Philip  B.  DTjosl-dJi 

Needed  for  Human  Consumption  Agricultiiral  Marketing  Service 

U.  D. 

VJasMiigtcn,  D.  C. 

11:30  a«m«  Discussion 
ll:i;5  a»m« 


3»    Types  of  Nonfat  Dry  Millc  Required 
by  the  Food  Manufacturers 


R«  J«  Remaley 

American  Dry  :-Hk  Institute 
Chicago  1,  Illinois 
Presented  by 
Robert  Osborn 


12:30  p.m* 


LUNCH 


FLUID  CONCENTRATES 


2:00  p.m. 


\x%    The  Methods  and  Problems  Found  in 
the  Production  of  Concentrated 


Victor  Nelson 

Food  Maciiinery  and  Chemical  Corp* 
San  Jose,  California 


2:30  p.m.  Discussion 
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Monday 5  October  17  (Continued) 


2zk$  p»m. 

5#    Some  Effects  of  Heat  on  the 
Constituents  of  Milk 

Robert  Jenness 
University  of  I^iinnesota 
St.  Paul,  Ifcinesota 

35l$  p.m.  Discussion 

3:30  p.m.       Tour  of  Laboratory 

Tuesday,  October  18 

9:00  a.m« 

6t    High-Temperature  Short -Time 
Sterilization  of  VJhole  Milk 
and  of  Concentrated  Milk 

Ernest  0.  Herreid 

Illinois  Agricultural  Experiment 

Station 
Urbana,  Illinois 

9:30  a.m.  Discussion 

9:ii5  a.m. 

?•    Development  of  Market  Milk 
Concentrates  in  lom 

C.  A#  Iverson 
loua  State  College 
Ames^  Iowa 

10j15  a.m.  Discussion 

10:30  a.m. 

in  Milk 

D  wu.a.r  u  X  axiXion 

Pennsylvania  State  University 
University  Park,  Pennsylvania 

lis 00  a.m.  Discussion 

DRIED  CONCEMTRATES 

11:1$  a.m. 

9*    Methods  and  Problems  in  the  S.  T»  Coulter 

Production  of  Spray-Dried  Milk  University  of  Minnesota 

St.  Paul,  Minnesota 

llsli5  a.m.  Discussion 


12  s  00  Noon  LUl^CH 
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Tuesday^  October  18  (Continued  ) 
1:30  p.m. 

10,    Dispersibility  of  Dried  Milks 


2:00  p.m.  Discussion 
2:1$  p«m, 

U«    Use  of  Electrol^iiic  Tinplate  in 
Packagii:Lg  of  lilk  Concentrates 

2:h$  p«in.  Discussion 


3:00  p«in« 


General  Discussion 


H  .  A»  Hollender 
Quartermaster  Food  and  Containo? 
Institute 
Chicago,  Illinois 


E.  A,  TJarks 

The  Borden  Company 

Nex-j  York,  New  York 


3:30  P»m«  Adjournment 


UTTRODUCTORY  REL^KS 
by 

P»  A«  Wells,  Eastern  Utilization  Research  Branch 

Dr.  Wells  opened  the  conference  by  requesting  eacii  delegate  to  stand  and 
introduce  himself.    He  pointed  out  that  the  present  conference  represented 
the  annual  meeting  of  the  State  Agricultural  E:q3erim.ent  Station  Collabo- 
rators for  the  Eastern  Region. 

Some  10  years  ago  Dr»  Auchter,  the  Agricultural  Research  Administrator  for 
the  Department  at  that  time,  established  the  mechanismi  for  State  Experimeut 
Station  collaboration  x-iith  the  Regional  Research  Laboratories*    A  collabo- 
rator is  appointed  from  each  State  Experiment  Station  in  the  region,  who 
attends  an  anixual  conference  devoted  to  research  on  a  specific  subject, 
either  an  agricultural  commodity  or  a  general  field  like  Fiethodolog;>'-»  In 
the  past,  coni'erences  have  been  devoted  to  such  subjects  as  tobacco, 
potatoes,  fruits,  maple,  T'jaste  disposal,-  methodology,  and  others©    In  addi- 
tion to  collaborators  from  Stations  of  the  Eastern  Region,  the  meetiiigs  ri' 
usually  attended  by  interested  members  of  State  Experim.ent  Stations  outL.::  ".e 
the  region,  representatives  of  industry,  universities,  privately  endoued 
research  institutions,  and  representatives  of  other  agencies  of  the  Federal 
and  State  Governments.    The  present  coP-f  erence  promises  to  be  the  largest 
of  any  held  here  so  far. 

A  report  of  the  conference  will  be  prepared  and  it  is  expected  to  be  ready 
in  about  2  months.    Each  delegate  •will  receive  a  copy,  e."tra  copies  being 
supplied  on  request. 


II^ORTAMCE  OF  MLK  CONCEi^TR/.TES  II-I  TIiE  HARI(F.TBIG 
AND  UTILIZATION  OF  DAIRY  PRODUCTS 

by 

Don  S.  Anderson,  Comm.odity  Stabilization  Service 

Washington,  D.  G« 


Milk  as  it  comes  from  the  cow  contains  about  8?  percent  T-jater.    If  any  or 
most  of  this  water  is  removed  I  assume  we  have  a  milk  concentrate  of  some 
kind©    The  processes  comm.only  used  may  remiove  onD-y  water,  or  water  and  a 
small  or  a  considerable  part  of  the  non-xTater  part  of  the  milk«    During  the 
past  year  and  a  half  Commodity  Credit  Coiporation  has  had  about  127  million 
pounds  of  butter  made  into  butter  oil  mostly  for  donation  to  x\relfare 
agencies  made  up  of  United  States  citizens  for  use  by  needy  people  in  other 
lands.    Since  January  1952,  over  one  billion  pounds  of  nonfat  dry  milk 
solids  has  passed  through  Commodity  Credit  Corporation  inventory  on  its  way 
to  school  lunch  programs  in  this  countrj^  and  to  welfare  agencies  both  in 
this  and  in  other  lands. 

Recently  we  have  had  discussions  with  a  United  States  company  that  is  con- 
sidering building  plants  in  other  lands  to  recombine  these  products  with  the 
local  water  supply  in  order  to  furnish  fluid  milk  to  the  people  of  those 
lands. 
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During  recent  years  the  Commodity  Credit  Corporation  has  had  a  great  de^l 
of  experience  in  taking  water  out  of  milk.    The  concentrated  product  has 
done  almost  entirely  for  welfare  uses*    The  question  before  this  confer- 
ence that  interests  rne  most  is  that  of  whether  or  not  milk  concentrates 
offer  any  promise  of  so  increasing  the  commercial  utilization  of  dairy 
products  that  it  be  possible  for  the  Commodity  Credit  Corporation  to 

get  out  of  the  dair^r  bu.siness  without  any  further  loss  of  income  to  dairy 
farmers*    We  m.ust  look  for  the  answer  to  the  question,  "liiiy  should  we  firgt 
go  to  the  trouble  of  removing  water  from  milk  merely  to  create  for  the 
housewife  the  problem  of  getting  the  water  back  into  the  milk?"    Or  perhaps 
it  is  possible  to  avoid  the  housewife's  problem  by  telling  her  or  industry 
of  ways  that  concentrated  milk  can  be  used  without  restoring  water  that 
has  previously  been  taken  away* 

Milk,  of  course,  is  not  the  only  food  that  contains  a  large  proportion  of 
water.    Agriculture  Handbook  Noc  8  carries  three  tables  giving  the  compo- 
sition of  foods*    Table  No.  1  of  this  handbook  gives  the  percentage  of 
water  in  some  7$0  food  item.s*    The  following  from  that  table  carry  con- 
siderable amounts  of  X\rater* 

Raw  strawberries,  we  are  informed,  carry  89»9  percent  of  water©    I  suppose 
a  strawberry  could  be  dried*    It  does  not,  hox^jcver,  occur  to  me  that  this 
would  be  the  right  thing  to  do. 

Raw  cabbage  has  92*h  percent,  raw  broccoli  has  89*9  percent,  while  raw 
carrots  have  88*2  percent*    A  grapefruit  carries  38. 8  percent  of  water,  an 
orange  87«2*    Even  such  substantial  foods  as  meat  have  a  fcir  proportion 
of  water*    A  raw  beef  carcass,  medium  fat,  trii'iiiied  to  retc.il,  still  has 
63  percent  of  water*    A  thin  packer's  carcass  of  fresh  pork  is  half  water, 
and  a  mediijim  fat  boned  veal  cutlet  in  its  raw  state  is  almost  70  percent 
water*    A  raw  whole  egg  is  almost  three-fourths  water;  brains,  of  all 
kinds,  in  their  raw  state  are  even  wetter  —  78 •9  percent  i-jater* 

Item  No.  88  of  this  list  of  75l  items  attracted  my  attention  —  "Beer 
(average,  h  percent  alcohol)  —  90.2  percent  water."  Thus  far  I  have 
heard  of  no  work  on  beer  concentrate. 

I  have  recited  these  figures  to  emphasize  some  bewilderment  I  have  always 
had  about  the  concern  over  getting  the  water  out  of  milk.    There  are,  of 
course,  a  number  of  reasons  for  it.    First  among  these  might  be  the  fact 
that  so  far  we  have  been  unable  to  get  customers  who  would  drink  all  the 
milk  that  has  been  produced.    If  this  could  be  done,  certain  problems 
would  be  solved.    First,  all  the  food  elements  in  milk  x^ould  be  used  as 
food*    Secondly,  certain  problems  generally  classed  as  "waste  disposal" 
would  also  be  solved*    I  understand  this  is  one  of  the  problems  being 
worked  on  at  this  laboratory* 

This  particular  problem  happens  to  be  in  the  forefront  of  my  attention  at 
the  moment,  for  x-je  are  being  threatened  by  a  possible  request  to  buy  dried 
whey  of  animal  feed  grade  under  the  price  support  program*    Because  cheese 
does  not  use  all  of  the  elemients  of  milk  and  because  some  people  do  not  like 
liquid  whey  in  their  streams,  Commodity  Credit  Corporation  may  be  asked  to 
buy  dried  whey. 
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It  is  estimated  that  during  19$h  the  average  civilian  in  this  country 
consumed  the  equivalent  of  699  pounds  of  milk  in  all  dairy  products.  Of 
this  699  pounds,  3U9  pounds  or  50«1  percent  is  estimated  to  have  been  con- 
sumed as  fluid  milk  and  cream*    This  is  a  total  por  day  of  #96  pound  of 
fluid  consumption  and  1#9  pounds  per  day  of  rndlk  equivalent  in  all  forms. 

If  people  could  be  convinced  to  consume  one  quart  of  milk  per  day,  our 
total  production  of  milk  T-rould  be  used;  aixi  ue  would  not  have  to  worry 
about  milk  concentrates,  except  for  the  fact  that  as  dairying  is  now  carried 
on  there  are  seasonal  variations  in  milk  production.    In  addition  to 
seasonal  variations,  there  are  regional  differences  in  milk  production  and 
the  areas  of  greatest  milk  production  do  not  match  the  areas  of  greatest 
population. 

Even  though  it  were  possible  to  convince  people  that  they  should  drink  120 
billion  poimds  of  milk  per  year,  ue  could  still  be  faced  with  the  need  for 
concentrating  a  part  of  our  milk  supply*    This  could  arise  from  the  fact, 
first,  that  the  same  amount  of  milk  is  not  produced  each  month  of  the  year 
and,  secondly,  that  the  distribution  of  milk  production  does  not  correspor.-^. 
to  the  distribution  of  population.    The  first  of  these  facts  leads  to  the 
storing  of  dairy  products  from  season  to  season;  the  second,  to  the  neces- 
sity of  transporting  dairy  products  from  place  to  place. 

VJith  respect  to  the  second  of  these,  there  appears  to  be  a  race  in  tech- 
nology betx;reen  improvements  in  transportation  and  improvements  in  processing. 
The  development  of  bulk  tanks  for  holding  milk  on  the  farm  and  of  bulk  tank 
transport  appears  to  be  increasing  greatly  the  distances  over  iMch  whole 
mill^  is  being  transported. 

This  problem  of  transportation  and  the  regional  distribution  of  milk 
production  calls  for  mention  of  one  of  the  Department's  regulatory  activ- 
ities in  the  field  of  milk  marketing.    Federal  milk  marketing  orders 
regulate  the  pricing  of  milk  sold  in  defined  milk  marketing  areas.  Gen- 
erally these  defined  milk  marketing  areas  have  one  or  sindlar  sanitary 
codes  covering  the  sale  of  milk  and  certain  defined  milk  products  in  the 
area.    These  codes  do  not  cover  all  the  dairy  products  sold  in  the  area. 
The  result  is  that  dairy  products  sold  in  the  area  are  produced  under 
different  sets  of  sanitary  regulations. 

A  few  years  ago  some  companies  attempted  to  introduce  3-to-l  concentrate  in 
markets  operating  under  Federal  milk  marketing  orders.    This  raised  the 
question  of  wliich  set  of  sanitarjr  regulations  should  be  applied  to  milk  used 
in  the  making  of  3-to-l  concentrate.    Health  authorities,  I  believe  i-xithout 
exception,  ruled  that  since  this  product  was  not  sterilised,  the  milk  used 
in  its  production  should  be  covered  by  the  same  regulations  as  applied  to 
milk  used  for  distribution  as  fresh  fluid  Liilk. 

This  ruling  has  been  criticized  by  some  who.  had  hoped  that  3-to-l  concen- 
trate would  supplj!-  them  with  a  m..ans  to  sell  milk  not  Fleeting  the  sanitary 
code  of  the  market  in  which  they  wish  to  sell.    It  is  an  issue  that  has 
divided  the  dairy  industry  into  camps,  frequently  at  war  with  each  other. 

There  is  the  one  made  up  of  those  who  believe  that  if  the  inherent  quality 
of  fresh  milk  as  it  comes  from  healthy  cows  is  fully  preserved,  the 
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domestic  markets  Tjou-ld  easily  absorb  all  milk  cm-rently  being  produced. 
There  appears  to  be  considerable  evidence  to  support  tliLs  view, 

or  the  general  categories  of  dair3^  products  used  in  the  United  .States 
DepartFient  of  Agricultiure  Statistics,  three  have  iinproved  their  position 
substantially  durj-ng  the  past  30  years*    Frozen  dairy  products  used  2»5  per- 
cent, of  all  milk  produced  in  1.92\xi  by  V^^hi  these  products  Fere  using  6.2 
percent  of  the  total.    Cheese  increased  its  utilization  of  milk  from  S*l 
percent  in  1924  to  10*9  percent  in  195U«    The  cons-junpticn  of  fluid  rdlk  and 
cream  required  l|lv5  percent  in  192i;  --  30  years  later  a6.2  percent  x^ras  re- 
quired for  thiis  purpose* 

Two  general  circumstances  possibly  were  responsible  for  these  increases. 
Under  the  persistent  urging  of  bureaucrats,  often  greatly  helped  by  the 
efforts  of  the  mdlk  distributors,  the  quality  and  safety  of  fluid  milk  has 
been  improved  and  is  reasonably  uniform  from  city  to  city»    Better  and 
better  merchandising  probably  contributed  greatlj^  to  the  increase. 

Quality/  and  merchandising  appear  to  be  the  factors  that  will  determine  the 
importance  of  any  particular  dairy  product  in  the  future  utilization  of  our 
total  milko    I'dien  the  two  are  combined  in  a  joint  effort,  we  see  results 
such  as  those  obtained  in  the  sale  of  cottage  cheese  in  California,  where 
it  appears  that  8  percent  of  the  nation's  total  population  eat  almost  one- 
fifth  of  all  the  creamed  cottage  cheese  produced  in  the  country*    For  the 
Pacific  areaj  8U39  percent  of  all  families  huj  creained  cottage  cheese,  with 
an  average  vol"irae  per  family  of  9*6  poionds  during  April'^September  195U» 
This  contrasts  xd.th  a  low  of  31«9  percent  of  ail  lanilies  in  the  South  with 
an  average  volum.e  per  family  of  6*1  pounds  for  the  sarie  period* 

We  are  constantly  hearing  specific  examples  of  the  effect  of  quality  and 
merchandising  on  sales  of  dairy  products.    Recently  I  listened  to  the  man 
in  charge  of  buttex*  sales  for  a  Midwest  chain  store  tell  of  how  the  chain's  ' 
butter  sales  were  based  on  U*  S*  Grade  AA  butter,  Td.th  a  coiTgolete  check 
from  factory  to  store,  including  a  check  on  the  age  of  butter  reF.aining  on 
store  shelves. 

I  emphasize  quality  and  merchandising  in  this  connection  because  I  seem  to 
sense  in  some  quarters  a  feeling  or  a  hope  that  milk  concentrates  can  be 
used  to  break  dom  what  some  people  call  "barriers"  or,  if  they  are  more 
considerate,  they  use  the  term  "unnecessary  sanitary  requirements*" 

This  difference  that  prevails  in  the  generally  accepted  requirements  for 
production  and  processing  between  milk  for  manufacturing  and  milk  for  fluid 
use  could,  of  course,  be  eliminated  by  increasing  the  sanitary  requirements 
for  Fianufacturing  milk. 

I  mentioned  earlier  that  the  Commodity  Credit  Corporation,  during  recent 
years,  has  had  considerable  experience  with  the  talcing  of  water  out  of  milk* 
It  should  be  emphasized  that  this  experience  has  not  been  the  result  of  any 
demands  of  the  Fiarket  place o    Two  factors  have  been  irrportant  in  t:iis 
experience.    One  grew  out  of  the  wartime  need  for  food*    This  led  the  Govern- 
ment to  encourage  farmers  who  had  been  selling  farm.  c;epr.rated  cream  to  shift 
to  the  selling  of  whole  mill^:*    This  trend  has  continued  in  recent  years,  and 
it  appears  that  it  may  continue  for  a  few  more*    During  1925,  about  $2  pex*- 
cent  of  the  milk  marketed  by  farmers  was  marketed  as  whole  milk*    By  19iiO, 
this  percentage  had  increased  to  62* 


DToring  19$0^  of  all  milk  marketed  by  dairy  fanners  79  percent  was  whole  milk; 
for  the  year  195Uj  the  percent -^.ge  was  85<i    This  sliift  to  whole  milk  was 
accompanied  by  a  large  increase  in  nonfat  dry  millc  processing  facilities* 
At  the  sar.ie  time  the  T{rartime  demands  were  so  large  that  even  norJ'at  dry  milk 
that  had  been  going  to  domestic  commercial  markets  was  taken  to  meet  T^jartime 
needs. 

But  even  x^rith  these  conditions,  mth  the  decline  in  mil!:  production  after 
the  X\rar^  the  supply  of  nonfat  dry  milk  was  such  that  relatively  small 
quantities  of  that  product  :\fere  bought  under  the  price  support  program  in 
1951  and  1952*    Price  support  purchases  of  all  dairy  products  were  relative.  7 
small  in  both  19$1  and  1952 • 

The  postwar  slump  in  milk  production  ended  during  1953 •    Milk  production 
that  year  was  aDjnost  6  billion  pounds  greater  than  the  previous  year^  and 
this  was  followed  by  another  increase  of  over  2  billion  pounds  the  next 
year.    Thus  far  in  1955^  total  milk  production  has  been  slirhtly  larger  tlian 
during  195U« 

Thus  far  present  merchandising  methods  have  not  found  a  market  for  tliis  ad- 
ditional milk  supply.    During  the  past  five  years  there  appear  to  have  bee.x 
no  marked  changes  in  the  utilization  of  the  total  milk  supply©    There  is 
some  evidence  that  ver:"  recently  fluid  iiiillc  and  cream  may  have  impro^/ed 
their  position  slightly  and  that  butter  nay  be  taking  a  somewhat  smaller 
proportion  of  the  total.    But  the  changes,  if  any,  have  been  siiiall. 

Another  item  that  appears  to  be  using  a  smaller  r retortion  of  the  milk 
supply  it3  evaporated  milko    This  product  is  probably  closer  to  the  Iclnd  of 
concent  .rat  3d  milk  that  this  conference  is  concenied  x-fith  than  are  such 
products       butter^,  cheese    and  ice  cream.    If  that  is  true,  some  guesses 
about  e'/aporated  milk  may  be  worth  x-jhile. 

The  f  ir?t  characteristic  I  X'^ill  mention  is  probably  not  a  guess©    It  is 
doubtfxJ.  ?*j  -{U-iy  d.?ir^'  product  has  been  sold  on  the  basis  of  brand  name  to 
the  sarii.3  pxhont  that  evaporated  mdlk  has  been  sold.    One  of  my  vivid 
memorie-:  of:  0-.P*Ao  da-vs  is  that  of  frantic  mothers  calling  to  find  out  xihere 
they  could  •juy  a.  specified  brand  of  evaporated  milk.    And  just  evaporated 
milk  x-iTould  not  satisfy  them* 

I  have  seen  no  satisfactory  explanation  of  the  apparent  decline  in  the  per 
capita  use  of  evaporated  milko    Txto  possibilities  have  been  called  to  my 
attention?    One  is  that  the  ?vaporated  milk  iierchandisers  have  been  out- 
merchsndi-sed  by  their  ox'm  mcth.ods^    Not-j  mothers  x^jant  not  only  a  specified 
brand;  but  they  x^nt  a  specif-Lrd  brand  of  a  product  made  specifically  for 
feeding  babieso    And  this  despite  the  fact  that  the  other  product  costs 
much  more. 

The  other  reason  that  has  been  mentioned  iv^.  the  much  more  general  availabil- 
ity of  refrigeration  in  homes  and  probably  also  a  greater  availability  of 
fresh  fluid  milk. 

One  of  the  evaporators'  reactions  to  the  situation  seems  to  be  a  vigorous 
campaign  among  themselves  to  sell  "brands"  of  another  concentrate,  "instant 
nonfat  dry  milk  solidso" 
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In  order  to  sell  a  prodi?.ct  it  is  still  probably  necessarj'"  to  convince  the 
purchasers  that  the  product  has  at  least  some  small  merit.    How  much  merit 
the  product  must  have  in  this  age  of  packaging  and  bo::  tops  and  of  singing 
commercials,  I  am  not  sure,    I  will  not  be  too  surprised  if  some  day  a 
product  appears  that  is  sold  entirely  on  the  advantages  and  beauty  of  its 
package,  with  little  concern  T^jith  what,  if  an;^^hing,  the  package  contains. 

There  are  other  factors  that  appear  to  influence  the  purchaser  in  spending 
his  money.    The  Administrator  of  the  Commodity  Stabilization  Service 
recently  pointed  out  that: 

"This  is  an  age  of  'convenience  foods.'    Housexjives  today  use  12 
times  as  much  frozen  vegetables  as  they  did  a  few  years  ago.    They  use 
50  times  as  much  frozen  orange  concentrate  for  m.aking  orange  juice  as 
they  did  only  8  years  ago.    Shortly  after  the  end  of  World  Uar  II,  one 
cup  of  coffee  out  of  I6  served  in  American  homes  was  instant  coffee. 
Today,  one  out  of  3  cups  of  coffee  is  instant  coffee.    The  American 
houseirjife  demands  convenience,  not  only  in  the  appliances  and  utensils 
she  uses  in  her  kitchen,  but  she  demands  it  in  the  food  itself.  She 
wants  to  get  extra  service  —  extra  time  saving  —  extra  quality  — 
extra  nutrition  —  and  in  all  things,  extra  convenience.    I  have 
heard  these  developm.ents  referred  to  as  'built-in  maid  service.'" 

Not  only,  under  today's  ideas  of  m.erchandising,  must  a  product  be  conven- 
ient for  the  housewife,  but  it  must  be  convenient  for  the  marketing  system. 
We  seem  inclined  to  adapt  the  product  to  the  marketing  system  rather  than 
attempt  to  make  the  marketing  system  adapt  itself  to  giving  us  the  best 
possible  product. 

I  recall  hearing  of  a  California  experience  with  the  marketing  of  tree 
ripened  peacheso    A  combination  of  research  and  extension  work  showed  that 
it  could  be  done  both  to  the  greater  satisfaction  of  the  housewife  and  the 
financial  advantage  to  the  grower.    But  the  marketing  of  tree  ripened 
peaches  still  seems  to  be  too  inconvenient  for  the  marketing  system. 

Perhaps  this  partly  explains  the  success  of  concentrated  orange  juice.  But 
suppose  the  same  effort  had  been  put  into  the  merchandising  of  tree  ripened 
oranges  as  fresh  oranges.    This  would  not  have  solved  the  problem  of  con- 
venience for  the  housewife.    She  probably  prefers  taking  the  top  off  a  small 
can  to  taking  the  peel  off  an  orange. 

At  the  moment  concentrated  milk  does  not  seem  to  have  either  of  the  advan- 
tages that  probably  helped  to  develop  concentrated  orange  juice.    Milk  does 
not  improve  with  ripening.    Except  oossibly  for  pasteurization  and  homogen-* 
ization,  both  of  which  are  applied  to  whole  milk,  there  appear  to  be  no 
processes  for  improving  the  quality  of  whole  milk  as  it  leaves  the  cow. 

If  the  cow  is  badly  fed,  carelessly  milked,  or  the  milk  poorly  handled,  it 
may  acquire  flavors  that  can  be  removed  by  processes  associated  with  high 
degrees  of  concentration.    Under  sufficiently  intense  competitive  pressure 
maybe  fluid  milk  distributors  can  find  equally  efficacious  wa^^s  of  ridding 
their  milk  of  these  flavors. 


As  for  convenience  in  the  household,  it  is  cti"'!  hard  to  find  an  easier  way 
than  merely  pouring  milk  out  of  a  bottle. 


Recent  history  with  concentrated  milk  is  not  encoaraging*    This,  of  course, 
proves  nothing*    Milk  production  has  increased,  and  it  seems  likeD.y  that  it 
will  contituie  to  increase*    Any  new  products  that  can  be  developed  shouTid 
help  in  the  effective  utilization  of  this  increased  production,  Porhao^ 
greatest  loss  from  the  emphasis  on  the  new  is  failure  to  do  what  might  be 
accorrolished  iiiore  rapidly  by  greater  emphasis  on  improved  quality  and 
merchandising  of  the  old.    Perhaps  both  the  old  and  the  new  should  receive 
greater  attention* 


WHAT  FORIiS  OF  CCNCENTRATED  MILK  /iRE  .N':ED5D  FOR  imm  CONSIJIgTION? 

by 

Philip  B,  Dwoskin,  Agricultural  Marketing  Service 

Washington,  D.  C. 

Innovation  is  a  key  element  which  makes  our  economy  of  today  dynamic*  In- 
novations in  dairy  products,  specifically  milk  concentrates,  are  our  main 
concern  at  this  conference.    The  dairy  segraent  of  our  economy  is  in  the 
process  of  change,  today.    Although  the  trend  is  i.-iovl^a:;  rather  slo'rly,  there 
has  been  in  recent  years  a  breaking  doim  of  some  of  the  restrictions  on  the 
flow  of  milk  to  the  various  regions  of  the  comtry.    Milk  concentrates  can 
help  accelerate  the  breaking  doxm  of  some  of  the^i-e  barriers*    This  is  par- 
ticularly true  for  the  problems  of  long-haul  transr  ortation  of  milk*  The 
obvious  inefficiency  of  transporting  the  water  in  rdlk  over  long  distances 
has  made  milk  an  especially  expensive  item  in  areas  where  deficits  in  supply 
occur. 

Another  thing  that  milk  concentrates  can  do  is  to  make  milk  available  to 
more  consumers  than  at  present.    Milk  concentrates  afford  a  form  of  storage 
not  now  available  for  the  most  efficient  animal  protein  food.  Present 
methods  of  storage  are  inadequate  to  meet  the  needs  caused  by  fluctuation 
and  seasonality  of  production — inadequate  iJi  terms  of  fluid  milk  for  bever- 
age uses*    Then  there  is  the  possibilitj'  of  the  export  market  for  m.ilk 
concentrates.    Here,  of  course,  the  advantages  of  a  concentrate  are  even 
more  apparent  than  for  the  domestic  market* 

There  is  no  doubt  in  m.y  mind  as  to  the  importance  of  milk  concentrates  to 
the  dairy  industry  and  our  economy  as  a  whole.    Neither  am  I  in  doubt  as  to 
the  place  that  milk  concentrate  should  have  in  our  dairy  industry.  Milk 
ccroentrates  inherently  have  almost  all  the  characteristics  needed  to  solve 
some  of  the  major  problems — production,  storage,  and  distribution — facing 
om?  dairy  indiactry  today. 


There  seems  to  be  little  doubt  that  our  productive  capacity  is  sufficient  to 
supply  our  food  needs  for  the  next  several  decades.    PJiy  current  indication 
of  Malthusian  thinking  as  to  population  outracing  our  food  capacity  is 
almost  nonexistent.    Of  course,  as  is  true  of  all  projections,  historical 
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trends  in  income,  population,  technology,  and  capacity  have  to  be  assximed. 
In  addition,  the  foreign  scene  has  to  be  assessed  and  fitted  into  the  set 
of  assumed  conditions*    So  if  we  can  go  along  iiith  these  assvonptio^s^-- »and 
there  is  no  valid  reason  for  us  not  to — then  we  can  assuine  that  there  will 
be  enough  food  to  meet  our  requirements  in  1975© 

Specifically,  the  projections  for  1975  call  for  total  domestic  requirements 
for  farm  products  at  about  h$  percent '  above  the  1951-53  average*    P'or  dairy 
products,  a  more  moderate  increase  is  expected  in  consumptiona    The  moder-, 
ateness  of  the  increase  is  based  on  the  fact  that  although  consurrption  of 
fluid  milk  per  person  is  expected  to  rise  at  a  higlier  level  than  for  other 
dairy  products,  a  lesser  increase  is  anticipated  for  other  dairy  products 
which  will  moderate  the  rising  trend  for  the  fluid  milk  picture,  l/    This  . 
means,  of  course,  that  the  future  for  milk  concentrates  can  be  said  to  be 
fairly  good,  since  much  of  the  thinking  that  has  gone  into  the  developm.ent 
of  milk  concentrates,  both  liquid  and  dry,  has  been  in  terms  of  use  as 
fluid  milk  products* 

Without  too  much  claim  for  originality,  I  feel  safe  in  predicting  that  the 
trend  in  food  products  available  to  consumers  in  the  future  mil  be  tox^Ta^d 
more  concentrates*    Since  much  of  the  bull<:  of  today *s  food  products  is 
water,  the  obvious  gains  fi'pm  concenti^ation  in  terms  of  transportation, 
storage,  packaging,  and  distribution  necessarily  lead  to"  concentration  as 
the  answer* 

Some  of  the  more  interesting  of  the  concentr'ites  available  today  or  in  the 
near  futur'e  have  been  developed  right  here  at  this  laborator^^  and  at  the 
other  utilization  research  laboratories  of  the  Department  cf  Agricultiire* 

■,  .    ,  '  11 

Let  us  noT^r  turn  to  some  of  the  work  that  has  been  done  in  the  past  in  terms 
of  market  research  On  dry  and  liquid  concentrates.    Two  of  the  products 
that  are  presently''  on  the  m^  rket,  with  which  I.  have  had  some  experience,  are 
fresh  concentrated  mlk,  usually  the  3-to-l  concentrate,  and  nonfat  dry  milk 
solids. 

Fresh  concentrated  milk  of  the  3-tO'-l  variety  was  introduced  into  a  n-omber 
of  Eastein  markets  in  competition  T?jith  standard  fluid  milk  in  1951*  Many 
felt  that  the  introduction  of  the  product  would  provide  an  opportunity  for 
increasing  the  intake  of  milk  solids  and  improving  the  nutrition  of  oior 
population.    It  appeared  that  the  major  impact  of  the  product  would  come  in 
the  interregional  movement  of  mill-:,  in  view  of  tlie  lower  cost  of  long-ha^jil 
transportation  res- ^.Iting  from  the  reduction  of  weight  and  bulk  by  concentra- 
tion©    Substantial  transportation  economies  were  suggested  by  the  possibil- 
ities of  processing  milk  into  concentrate  in  surplus  producing  areas, 
notably  the  Midwest,  and. selling  in  competition  with  standard  milk  in . 
Atlantic  and  Gulf  Coast  market s«.    The  actual  situation  did  not  quite  reach  ' 
the  anticipation  of  those  who  saw' the  above  potential  far-reaching  •  » 


l/    "Long^'Range  Prospects  for  Agriculture,"    A  papei'  de7:ivered  by  Rex  F# 
Daly,  Agricultural  Marketing  Service,       S.  Depar u:.ent  'jf  Agriculture,  to 
the  National  Agricult-ural  Credit  Comi,iission  in  Chicago,  Illinois,  on 
June  6,  1955* 


consequences  of  this  new  product.    While  initial  sales  of  this  product  in 

some  of  the  riiarkets  reached  almost  5  percent  of  the  total  fluid  milk  sales, 
in  a  relatively  short  period,  sales  began  to  fall  off.    As  sales  continued 
to  decline,  the  product  was  withdra^m  from  the  Eastern  markets*    Today  it  is 
available  ±n  only  a  few  localities. 

The  above  is  an  old  story  to  most  of  you  and  reasons  for  the  failiire  of  this 
product  in  the  Eastern  markets  are  also  supposedly  an  old  story.  The 
decline  in  sales  of  this  product  was  attributed  to  several  factors.  The 
first  one,  which  most  people  seemingly  have  accepted  as  the  most  important, 
was  the  lack  of  a  sufficient  price  differentials    The  milk  used  for  concc"..- 
trating  was  priced  at  the  same  price  as  reg-a].ar  Class  I  milk,  thereby 
eliminating  any  price  advantage  over  fluid  milk.->    A  second  reason  given  for 
its  failujre  T7a.s  the  lack  of  convenience  of  concentrated  milkj  that  is,  in 
spite  of  its  space-saving  features  and  versatility  in  use,  it  proved  incon- 
venient for  most  housewives  to  reconstitute  the  product.    Another  reason  for 
its  failure  was  that  the  quality  of  the  product  in  home  use  in  some 
instances  was  a  deterrent  to  its  success.    And,  finally,  the  tacit  opposi- 
tion of  some  of  the  producing  and  distributing  segments  of  the  mi.lk  industr2' 
contribr.ted  to  the  failure  of  fresh  Concentrated  milk.?    Hoi^jever,  as  men- 
tioned previously,  frech  concentrated  milk  is  ncl.  altogether  deado    It  is 
still  being  sold  on  the  Paci-Ti.c  Coast  and  has  foana  a  rather  interesting 
market  in  rural  hom^e  delive:;yy    I  believe  that  this  aspect  viill  be  discussed 
more  fully  by  I-iro  Iverson  of  Iowa  State  College  tomorrow. 

The  market  research,  including  product  testing,  undertaken  by  one  of  the 
large  dairy  companies  before  the  introduction,  of:  '  .iqi^id  concentrates  was,  in 
my  opinion,  well  done,  2/    By  this,  I  mean  that  tl.e  methodology,  including 
the  sample  used  and  the^analysis^  employed,  met  the  high  standards  of  good 
marketing  research.    But,  since  the  product  failed,  perhaps  the  marketing 
research,  despite  its  seemingly  high  standards,  cknnot  be  absolved  from  its 
share  of  the  blame.    Basically,  eJLl  the  reasons  cited  before  as  to  the 
failures  of  milk  liquid  concentrates  can  be. found  in  the  replies  of 
respondents  in  the  surveys  undertaken  in  the  several  marketse    The  need  for 
loT^CT  prices  (that  is,  lower  than  standard.r;iilk)|.  the  inconvenience  of  re- 
coni?tituting  the  product  j  the  need  for  keeping    chilled  T-jater  in  the 
refrigerator,  which  cancelled  out  the  space-saving  feature s|  and  the  com- 
plaints of  some  of  the  respondents  as  to  the  flavor  of  the  product— all  of 
these  problem  areas,  can  be  fo^jiad  in  the  market  research  results ^  However, 
not  having  the  benefit  of  hindsight,  none  oi  these  reasons  bulked  large 
enough  percentage-mse  to  indicate  to  ,  the  analjyst  that  the  product  would 
not  gain  consumer  acoeptanoer    The  study  results  shciAT  that  m.ost  of  the 
respondents  in  these  sur\''e3.'"s  felt  that  fresh  concen-Grated  ip±lk  was.  a  good  . 
product  and  most  indj.cated  thc.t  th^'-  would  bu^-:.  the  product  if  it  were  put 
on  the  market.    Of  the  unfavorable  comi'ients,    Bit  "j'vire  directed  at  the  taste 
or  quality  of  the  ■>oroductj  m:st  were  directed  at  the  inconvenience  of  mix- 
ing^  the  need  for  a  special  container  for  i?-ixin[^\.  ^--nd  its  possible  price* 
These  respondents  who  had  an  opinion  as  to  the  prloe  at  whJ.ch  the  concen- 
trate should  be  marketed  said  that  concenti'ated  milk  should  sell  for  less 
than  regular  or  standard  milk^    Admittedly,  with  these  facts  in  mind,  the 


2/    Unpublished  market  research  studies  invol^^'ing  household  panels  and 
market  tests  prior  to  the  introduction  of  fresh  ^-to-l  concentrated  milk  in 
19 $1  were  made  available  to  the  author. 
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decision  to  go  ahead  and  market  the  product  constituted  somewhat  of  a 
gamble,  yet  it  was  the  Izind  of  calculated  risk  that  most  firms  must  take  in 
marketing  a  new  product. 

It  is  my  opinion  thai:  to<5' much  blame  for  the  failure'  of  concentrated  milk 
has  been  attached  to  the  lack  of  'price  differential  between  the  concentrate 
and  regular  milk*    The  question  really  lies  in  whether  or  not,  you  can 
actually  pay  the  housex-jife  enough  to  make  her  woi'k  harder.    This  I  doubt. 
^:ith  the  trend  in  the  food  industry  toxfard  more  and  more  convenient  items, 
such  as  cake  mixes,  the  convenience  aspect  cannot  be  over  emphasized*  The 
success  of  higher  priced  instant  nonfat  pOTjder  beca-iise  of  its  added  quality 
and  convenience  isfiu'ther  evidence  of  the  importance  of  attributes  other 
than  price* 

Mai^  of  these  convenience  products  are  higher  priced  than  the  ones  they  are 
competing  with.    Xct  the  convenience  is,  such  that  the  price  becomes  a  less 
vital  factor  in  the  decision  of  the  homemaker  x^^hether  or  not  to  buy  the 
product.    It  is  my  belief  that  the  lesson  to  be  learned  from  the  failure  of 
milk  concentrates  is  not  in  its  pricing  but  in  its  actual  lack  of  conven- 
ience.   The  factors  of  convenience  attributed  to  the  pixduct,  that  is,  its 
space-saving  features,  versatility  in  use,  etc.,  did  not  turn  out  to  be 
/conveniences  in  householxl  use.    The  need,  for  the  product  to  be  refrigerated 
and  reconstituted, '  its  relatively  short  shelf  life,  the  large  size  of  the 
container,  and  the  need,  for  extra  miixing  equipment , and' chilled  water  ccunter- 
balanced  whatever  convenience  aspects  the  product  originally  had.. 

To  summ.arize  the  experience  with  the  liquid  3-to-l  milk  concentrate,  one 
must  consider  the  background,  of  its  competition*    The  new  product  x^7as  up 
against  a"  product  x-jhich  has  been  sold  to  the  consumer  tijrough  years  of 
education  and  promotion*    Standard  fluid  milk  is  an  excellent  product,  it 
is  packaged  attractively^,  it  has  excellent  flavor  and  quality,  and  it  is 
convenient  to  use.    One  can  say  that  even  with  a  favorable  price  differen- 
tial the  product  x-jould  ha,ve  had  rather  tough  s].e,dding  in  gaining  consumer 
acceptance.    In  my  opinion,  the  determining  factor  in  CGncentrated  millc's 
marketing  failurb  x^ras  its  inconvenience  in  use  and  storage.    Or,  turning  it 
around  another  wayr,  one  can  say  that  the  lack  of  a  price  differential  became 
m.ore  important  as  the  convenience  as;pect  turned  out  to  be  less  of  an- attri- 
bute than  originally  determined.  .  / 

The  stor:v.^  for  nonfat  dry  milk  solids  is  a  much  happier  one  than  that  related 
for  the  liquid  3-to-l  concentrate.    The  statistics  published  by  the  American 
Dry  Milk  Institute  show  a  steady  increase  over  the  past  5  years  in  the  home 
use  of  nonfat  dry  milk  solids,  3/    Using  our  household  purchase  data  as  a 
basis  for  projecting  the  sales  of  nonfat  dry  milk  solids  for  1935^  we  find 
a  substantial,  and  continuing  increase  for  19^5  (20%)  cOrTpared  with  19pU*  h/ 

The  question  arises:    Hoxj  has  this  increase  in  household  purchases  of  dried 
skim  milk  come  about?    Is  it  the  sam.e  purchasers  buying  more  at  a  time? 
i\re  they  buy3.ng  the  product  more  frequently,-  or  are  new  buyers  coming  into 


3/    195U  Census  of  the  American  Dry  Mlk  Institute* 

U/  Household  purchase  data  obtained  from  the  National  Consijmer  Panel  of 
the  Market  Research  Corporation  of  America. 
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the  picture?    The  data  indicate  that  the  con sviner  base  has  broadened.  The 
proportion  of  families  buying  nonfat  in  r>^5  compared  irith  1?5U  has  in- 
creased about  23  percent*    In  addition,  the  195u-5?  comparisons  are  of 
special  interest  because  it  was  in  October  of  l?$u  that  national  distribu- 
tion of  the  new  instant  milk  became  an  accomplished  fact.    In  other  x;ords, 
the  introduction  of  instant  dried  skim  milk  has  been  a  considerable  factor 
in  bi'oadening  the  base  of  concentrated  dry  milk  users.    This  fact  is  an 
optimistic  hax'binger  for  the  future.    It  is  also  interesting  to  note  that 
the  price  of  instant  dried  milk  has  been  approximately  k  cents  higher  than 
that  for  the  usual  type  of  nonfat  dried  milk  solids  and, that,  in  spite  of 
this  higher  price,  sales  have  gone  up  substantially  in  the  last  year. 

We  did  some  intensive  work  on  noi-ifat  dry  milk  solids  in  Memphis,  Tenn. ,  in 
1952  and  19?3  in  attempting  to  study  the  effects  of  nonfat  dry  milk  solids 
on  fluid  m.ilk  consumption  in  households,  b/    The  utilisation,  pattern  for 
this  product  in  ilemphis  households  was  found  to  be  mainly  in  cooking  and 
baking.    In  terms  of  actual  ainounts  purchased  most  of  the  solids  were  usee, 
in  the  above  two  categories.    Only  a  very  small  proportion  of  the  users  :':.^.d 
the  purchase  of  nonfat  dry  milk  solids  eliminated  the  use  of  fresh  milk  ii. 
their  households.    Of  course,  this  work  was  done  before  the  instant  powd :r 
became  available.     It  is  quite  likely  that  instant  powdered  milk  may  have 
changed  the  utilization  pattern  we  found  in  liemphis.    That  is,  we  would 
expect  a  greater  switch  to  beverage  use. 

Another  interesting  fact,  which  came  out  of  ovr  work  in  Memphis,  is  that 
when  householders  x^rere  asked  to  make  comjarisons  as  to  the  food  value  of 
norxfat  and  fresh  milk,  F:0st  users  and  ncnurers  oO  nonfat  dry  milk  solids 
felt  that  nonfat  had  less  food  value  thaii  fresh  milk.    The  interesting 
feature  of  this  r>articular  comparison  was  the  reason  given  by  housemves  as 
to  x^^hy  nonfat  had  less  food  value  than  fresh  mdlk.    The  predominant  reason 
among  both  users  and  nonusers  of  nonfat  dry  milk  solids  was  that  norifat  dry 
milk  solids  did  not  contain  butterfat.    It  is  interesting  to  specuj-ate  as 
to  hox:  many  more  households  could  be  brought  into  the  market  if  a  corq:-arabl3 
dried  whole  milk  product  became  available. 

Ill 

There  are  a  number  of  concentrated  inilk  products  on  the  m.arket  today,  he 
are  well  aware  of  them  and  the  need  for  discussing  them  is  of  only  academic 
interest.    In  the  dry  nonfat  milk  concentrate  field  we  have,  of  co^arso,  the 
regular  type  product  and  the  new  j.nstant  variety.    In  addition,  there  is  a 
dried  whole  rrjilk  product  available  commercially  today.    In  tne  liqud.d  con- 
centrate field  we  have  the  usLial  canned  evaporated  and  condensed  milk*  Ue 
also  have  the  fresh  3-to-l  milk  concentrate,  wiiich  is  sold  in  a  few 
scattered  localities.    There  is  also  a  canned  sterile  Tdiole  milk.    Sales  of 
this  product  have  for  the  most  part  been  confined  to  the  export  market. 
Within  the  recent  past  a  liquid  concentrate  in  cans',  ImoT^jn  as  "fresh-tasting' 
'evaporated  milk,  has  been  introduced  in  several  test  markets* 

5/    Dr-Toskin,  Philip  B.    "Milk  Products— Con &-Jimer  Patt-erns  and"  Use,  Ilemphis, 
Tenn.".  Marketing  Research  Report  No.  39^  .I^ur.  of  Agr.  Econ.,  U.  S.  Depart- 
m.ent  of  Agriculture.    Kay  19^3.    Also:    Dwoskin,  Philip  B.,  Bayt on,  James  A. 
and.  Hoof nagle,.  William  S.    "Changing  Patterns  of  Ilillc  Consumption  in 
Memphis.,  Tenn."    KarKeting  Research  Report  ho.  69,  Agr.  Marketing  Service, 
U.  S.  Department  of  Agriculture.    June  19$^. 
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The  many  nex^js  stories  of  the  past  several  years  concerning  the  impending  com- 
mercial readiness  of  a  frozen  concentrated  rrdlk  malce  a  few  observations  on 
this  product  pertinent  at  this  point «    Because  of  its  relatively  greater 
inconvenience  in  re constitution  compared  with  the  liquid  3-to-l  concentrate, 
some  in  the  dairy  industry  have  written  off  frozen  milk  concentrate  for 
household,  use.    The  frozen  concentration  method,  hoTiever,  is  recommended  for 
bulk  storage  of  milk«  6/    On  the  other  hand,  there  is  a  convenience  aspect 
of  this  product  for  household  use  that  deserves  consideration^    It  is 
estimated  that  20  percent  of  our  households  no\<f  have  some  freezer  capacity. 
Milk  is  one  of  the  few  foods  not  now  available  to  the  housewife  for  freezer 
storage,    Furtliermore,  with  the  trend  toward  coniplete  once-a-week  shopping, 
a  frozen  concentrated  milk  product  would  neatly  fit  into  this  pattern* 

All  of  these  aforementioned  products  have  a  place  in  our  marketing  system 
and  in  household  use*    They  undoubtedly  mil  be  used  in  increasing  amounts 
over  the  future.    However,  none  of  them  in  its  present  stage  of  development 
is  the  answer  to  what  the  consumer  wants  or  needs  in  the  form  of  milk 
concentrates* 

IV 

Now  let  us  take  a  look  at  some  of  the  barriers  facing  the  introduction  of  a 
new  milk  concentrate.    Before  vre  do  this,  first  let  us  exaiidne  some  of  the 
implications  of  a  new  milk  concentrate  to  the  dairy  industry. 

The  consumer,  of  course,  is  the  end  user  and  in  the  la,;t  analysis  will 
determine  the  success  or  faj.lure  of  a  particular  product  that  is  offered 
for  sale  on  the  retail  market.    Yet  the  ramifications  of  the  effects  of  a 
new  milk  concentrate  which  xjould  actually  meet  consumer  wc.nts  are  of 
tremendous  importance  not  only  to  consuiaers  but  also  to  producers,  pro- 
cessors, and  distributors  in  our  dairy  economy.    Let  us  imagine,  for 
instance,  that  a  competitive  concentrated  liquid  or  dry  whole  milk  of  high 
quality  is  developed.    By  this  I  mean  a  product  which  has  the  fresh  flavor, 
stability,  convenience,  and  the  ability  to 'compete  on  a  price  basis  with 
the  present  fresh  fluid  milk.    The  change  in  our  marketing  system  T^iiich 
could  arise  from  such  a  developm.ent  is  tremendous  in  scope.    A  few  implica- 
tions are  obvious.    Our  xjhole  pattern  of  milk  production  in  the  last  few 
years  has  been  aiiiied  at  reducing  the  seasonalitjT"  of  supply.    If  a  storable 
whole  mdik  product  were  developed,  the  problem  of  seasonality  of  supply  of 
fluid  m-ilk  and  high  cost  of  production  during  the  winter  months  would  be 
reduced.    Ihe  adaptation  of  manufacture  to  different  conditions  mi.^ht 
change  some  of  our  present  geographic  patterns  of  production  or  processing. 
Problems  of  storage,  transportation,  and  refrigeration  xTOuld  become  minor 
compared  with  those  eicisting  currently  on  fluid  x-jhole  milk. 

But  what  does  this  mean  to  irou  ph3rsical  scientists?    In  many  respects,  the 
trend  toward  milk  concentrates,  dry  or  liquid,  ax^raits  technological  develop- 
ments.   I-lilk  concentrates  are  by  no  means  new  products.    Work  on  this  type 
of  development  has  been  going  on  for  many,  many  years.    Many  of  the  prod- 
ucts  developed  have  had  excellent  quality,  fresh-flavor  taste,  convenience, 

6/    Bell,  R.  ¥.    "Factors  Th  t  Affect  the  Stability  of  Frozen  Concentrated 
Mlk,"    June  1955*    A  paper  presented  at  a  symposium  on  concentrated  and 
dried  milks  at  the  American  Dairy  Science  Association  meeting,  Michigan 
State  University,  June  1955 • 
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and  economy,  but  in  no  instance  has  there  been  a  product  developed  ijhich  has 
had  all  of  the  above-mentioned  attributes  conbined  into  one  product.  VJh:lle 
it  is  simple  to  list  the  attrj.butes  of  a  riiill:  concentrate  needed  to  meet 
consumer  wants,  the  barriers  ahead  are  tremendous.    One  ^roup  of  barriers  is 
technological  in  nature.    The  problems  of  protein  stability,  fresh-flavor 
transfer,,  shelf  life,  and  high  solubility  ara  well  knom  to  most  of  you. 
These  probleras  Td.ll  be  discussed  in  detail  later  in  the  program.    But  other 
types  ox  barriers  also  face  the  Td-despread  adoption  of  new  milk  concentrate 
products.    These  barriers  can  be  classified  in  many  ways— consumer,  insti- 
tutional, psychological,  etc. 

Much  as  I  would  like  to  say  that  I  know  or  I  have  a  pretty  good  idea  as  to 
what  kind  of  milk  concentrate  is  needed  for  huiaan  consumption,  you  know  as 
x^ell  as  I  that  at  best  it  still  remains  an  edu.cated  guess*    We  market 
'researchers  like  to  think  that  we  iciow  something  about  the  consumer,  but, 
unfortunately,  the  consumer  still  remains  somewhat  of  a  mystery  to  most  of 
us.    However,  the  lack  of  information  on  consumer  T^rants  is  only  part  of  the 
story.    The  dairy  industry,  as  many  of  you  know,  is  a  complex  one  and,  as  a 
consequence,  there  are  many  coriflicting  interests  in  the  industi^^  itself. 
As  you  know,  there  are  producers  for  the  fluid  market  as  T-iell  as  for  the 
manufactured  products  market j  there  are  sujrplus  areas  and  there  are  defi:;:".": 
areas.    Concentrated  malk  is  advantageous  to  some  in  the  industry,  and  no'.- 
so  advantageous  to  others.  In  addition,  there  are  the  health  codes  and  other 
restrictive  mxeasures  which  hamper  the  free  flow  of  fresh  Liilk  from  one  area 
of  the  country  to  another. 

Then  we  have  what  I  term  the  psychological  b^rri?r  to  the  introduction  of 
new  mdlk  products.    To  many  cons^jmiers  tampering  with  milk  is  akin  to  tamper- 
ing with  the  Bible,    lie  know  that  most  Liilk  consiimers  are  sware  that  milk 
is  a  healthful,  sanitary  product.    Market  research  has  in  the  past  sub- 
stantiated this  fact  very  clearly.    As  far  as  consumers  are  concerned,  the 
fluid  mii3-k  now  avs-ilable  to  them  is  an  acceptable  product.    It  has  good 
flavor,  it  is  attractively  packaged,  and  it  is  convenient  to  use.    In  addi- 
tion, there  are  many  milk  distributors  who  will  contest  the  fact  th?-t  fluid 
milk  is  too  costly  to  the  consumer.    All  this  means  .is  tiiat  the  con.-^^umer  is 
not  ax^^aiting  x-rlth  a  palpitating  heart  new  ■:roducts  developed  from  mill:,  as 
som.e  people  md^;ht  think.    Or,  putting  it  a^iother  way,  a  successful  concen- 
trate-will  need  to  be  a  product  combining  not  only  price  gains  to  the 
consuTiers  but  one  of  high  quality,  with  a  flavor  characteristic  of  fresh 
m.ilk  and,  at  the,  leasts  tip.e  convenience  of  fresh  milk. 

V 

In  conclusion,  I  would  like  to  attempt  to  answer  the  question  assigned  to 
me  by  delineating  the  characteristics  a  mdlk  concentrate  should  have  to  gain 
consuiiier  acceptance.    As  to  the  kind  of  m.ilk  concentrate,  I  would  unhesi- 
tatingly select  a  whole  milk  concentrate.  ■ Such  a  product,  liquid  or  dry, 
should  have  the  ^following  necessary  characteristics  for  corrjnercio.l  success* 
First,  the  product  has  to  be  convenient,.,  and  convenience  can  be  achieved  by 
a  combination  of  (1)  reduction  of  bulk,  (2)  long  shelf  life  with  or  mthout 
refrigeration,,  preferably  vdthout,'  (3)  .easy  recdnst:-tution  in  any  aj7iount 
desired,  (U)  availability  in  a  variety  and  appropriate  size  packages,  and 
(5)  versatility  in  use.    I  x^jant  to  emphasise  the  importance  of  convenience 
for  ar^  nex-j  food  prcd^ict  being  developed  today.    In  the  dairy  industryVs 
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conpetitive  straggle  to  maintain  or  increase  its  share  of  the  consumer's  food 
dollar,  convenience  is  the  crucial  factor*    A  look  at  the  food  items  on  our 
grocer^  s  shelves  is  convincing  evidence  on  tli3-s  point.    A  second  major  attri- 
bute of  a  whole  milk  concentrate  should  iDe  quality^    '^or  this  attribute  I 
would  list  the  f olloi'iing :    (1)  The  product  should  be  stable  before  and  after 
reconstitutionj  (2)  it  should  be  at  least  as  sanitary  as  fresh  milk;  and 
(3)  it  should  have  the  flavor  of  fresh  milk.    Included  in  this  flavor 
aspect  is  flavor  stability;  that  is,  the  flavor  should  be  consistent  xd.thin 
a  given  brand  and  if  possible  between  brands.    This  means  rather  strict 
standards  or  grades  for  the  raw  material  to  be  used  for  processing*  A 
third,  and  probably  to  some  the  most  important,  attribute  of  such  a  milk 
concentrate  is  price*    I  have  piarr:osely  listed  tliis  attribute  last  because 
I  am  convinced  that  if  you  can  achieve  the  first  two  major  attributes- 
convenience  and  qu-aHty  and  flavor — ^price  is  not  necessarily  the  all- 
imjjortant  factor*    However,  the  price  should  be  less  than  that  of  the 
original  product — fresh  milk. 

I  do  not  believe  that  a  x-rhole  m.ilk  concentrate  can  possibly  command  a  price 
premium  as  that  found  for  such  convenience  items  as  cake  mixes,  which,  in 
addition  to  the  usual  ingredients,  include  higher  priced  ingredients. 
Furthermore,  even  the  ideal  concentrated  whole  irdlk  product  will  not  have 
the  convenience  gain  potential  ox  the  new  cake  mixes*    Therefore,  the  rel- 
ative price  of  a  millc  concentrate  becomes  more  important  as  an  added 
attraction  in  selling  the  product*    Thus,  a  favorable  price  differential 
for  the  new  concentrate  compared  xjith  fresh  milk  is  highly  desirable* 
Despite  what  has  happened  in  the  past,  such  a  favorable  price  differential 
for  concentrate  is  feasible  since  substantial  price  dii'f erentials  exist 
between  surplus  and  deficit  areas  and  between  Class  I  and  manufactured  milk, 
to  permit  a  competitive  price  range  betxieen  milk  concentrates  and  fi^esh 
milk* 

The  above  summarization  of  the  characteristics  of  a  milk  concentrate  needed 
for  human  consumption  does  not  include  anything  that  you  are  not  already 
aware  of.    On  the  other  hand,  I  am  sure  that  most  of  you  recognise  that  to 
combine  such  attributes  into  one  product  is  a  task  which,  to  say  the  least, 
is  a  difficult  one*    But  from  my  close  associrtion  with  physical  scientist^\, 
I  am  sure  that  such  a  product  eventimlly  will  be  developed  and  that  it  isn't 
as.  far  .off  as  some  people  might  think* 
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Agriculture.    June  1955 • 

Discussion 

C.  S.  Kauffm.an;    Would  -yoM  object  if  I  interject  a  controversial  point? 

Dr.  Wells:  We  xTould  love  to  have  any  type  of  point  brought  out  at  this 

moment. 

Kauffman;  First  of  all  I  am  simply  amazed  that  a  group  of  tills  kind, 

headed  by  Don  Anderson,  who  is  director  of  this  extension^ 
neglect  the  consumption  of  mill:  and  chocolate  milk  for 
home  use.    Not  one  mention  has  been  i.-ade  of  one  of  the  i-.'  - 
gest  areas  for  the  cons-omption  of  mdik  that  there  is* 
Milk  is  a  beverage.    I  am  going  to  go  back  a  little  bit| 
about  3  years  ago  I  didn^t  Imow  anything  about  milk  except 
you  drank  it  once  in  a  'jhile  when  3"ou  got  ito    In  working 
with  the  military,  one  of  the  heads  of  the  Navy  statistics 
said,  "v^Jliy  In  the  world  can't  you  do  something  with  con- 
centrated milk?"    I  said,  "laiat's  the  trouble.  Bill?" 
"Well,  you  Imow  the  Surgeon  Csnf^ral  has  cut  back  because 
we  haven't  any  good  method  of  reconstituting." 

The  interesting  thing  is  th^.t  when  we  took  a  look  at  the 
industry,  I  found  that  in  all  my  marlceting  e^q^erience  I  had 
never  seen  anything  so  deed  as  the  marketing  in  the  dair/ 
i.ndustryj  so  obsolete,  so  far  behind  the  time  and  so  lack- 
ing in  originality.    Well,  that't  the  bomb  shell  that  I 
want  to  put  in  first. 

I  consulted  some  of  the  top  flight  men  in  the  Department  of 
Agriculturee    When  you  come  to  the  matter  of  reconstituting 
milk,  do  you  know  what  their  list  is?    89  obstacles— not 
one  thing  you  can  do,  but  89  that  you  couldn't  do.  But 
you  don't  care  about  what  you  can't  do  when  you  are  tr2/"ing 
to  do  something.    The  ne:ct  thing,  I  made  a  survey  of  the 
industiy  itself,  and  it  vras  literally  amazing  how  resistant 
the  industry  is  to  new  ideas.    I  finally  went  around  and  I 
found  Dr.  Herreid  and  I  found  Dr.  Iverson  and  the  crowd  out 
there  in  'Jisconsin,  who  were  worlcing  on  concentrated  milk 
to  some  very  good  advantages.    Never,  hoviever,  has  anj.^hing 
in  particular  been  done  for  the  consuraer,  the  man  or  the 
person  who  drinks  milk  with  his  meals|  coke  has  gone  up, 
coffee  has  gone  up,  soft  drinks  are  way  up  there.    You  take 
the  men  in  the  military.    In  the  Arm^'',  the  men  have  a  pref- 
erence to  milk  of  tiiree  to  one  over  coffee,  yet  you  have 
rationed  allowances  that  allow  the  men  to  have  all  the 
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coffee  they  x-7ant  and  right  today  thej  are  building  up 
ration  allowances  that  practically  take  the  milk  that  they 
not-vj  have  a-way  from  the  men* 

And  now  getting  back  to  some  of  the  things  tre  have  been 
talking  about  -  x^e  actually  developed  a  unit  which  is  go- 
ing into  production,  and  I  don»t  know  that  I  .Should  mention 
'       it  here,  but  I  just  wanted  to-  tell  youf  first  of  all^  there 
is  some  veiy  excellent  quality  concentrated  railk  today  that 
is  grand.    As  far  as  selling  milk  to  the  housewife  as  a 
beverage  is  concerned,  I  think  that  the  marketing  has;  been 
amazingly  clever •    You  brought  out  here,  today  that  there  is 
a'  lack  of ,  convenience.    You  can^t  expect  a  x^oman  to  take  a 
quart  of  milk  into  a  home,  put  it  in  a  gallon  jug  and  mix 
it;  that^s  so  nonsensical  it  is  terrible  -  whoever  thought 
a  woman  would  do  that  just  never  looked-  at  the  market.  If 
each  woman  got  a  bottle  of  concentrated  milk  that  was 
divided  into  three  parts,  then  at  least  you  can  take  the 
■    one«third  of f  and  put  it  in  the  quart  bottle  and  mix  it, 
and  then  you  can  take  another  tliird  off  and  put  it.  in  a 
bottle  and  mJjc  it,  and  the  last  third  you  can  leave  in  the 
bottle  and  mix  it.    Now  there  is  a  clever  idea  of  market- 
ing -  now  that  happens  to  be  homevjise,  but  actually  as  to 
selling  milk  as  a  beverage  to  the  consumer,  there  has  been 
practically  nothing  done, 

I  XTOuld  lilce  to  suggest  to  you  folks  here  -  btart  moving 
±ti  getting  uniform  standards  of  con  centra  ted  milkj  and  by 
.  :  tlie  way  there  are  none.    Some  is  goodj  some  is  lousy  and 
some  is  excelXent,    I  certainly  would'  sugge  st  that,' you 
people  in  your  discussion  x-jould  start  thini:ing  in  terms  of 
milk  as  a  bevera^,    "When  the  boys  come  out  of  the  Amy  - 
aboiit  a  million  a  year  go.  in  and  a  rillion  a  year  come 
out  -  and  they  prefer  it  3  to  1,    They  can*t  find  any  milk 
at  any  of  the.  installations,  the  only  place  they  can  get 
it  is  at  hom.e.    Then  they  go  back  to  coffee  because  we  have 
what  TTe  call  a  coffee  heir.    This  idea  that  conbentrated 
.mlk  has  no  potential  -  it*s  just  x^ong  from  beginning  to 
end.    The  potentials  are  terrific,  they  are  right  at  the 
door,  the  opportunities  of  reconstituting  are  there,  it  can 
be  done  and  it  could  be  an  excellent  product,    Iverson  has 
one  of  the  finest  examples  of  frozen  milk  you  could  want; 
Herreid  has  done  a  good  job,    1  xjould  like  to  see  you 
discuss  something  besides  milk  for  the  home.  Incidentally, 
IJestinghouse  refrigerator  has  a  little  unit  that  will  take 
concentrated  milk  and  reconstitute  it  -  it  does  a  peach  of  . 
a  job,  'Women  are  asking  x^rhy  they  can't  get  reconstituted 
milk  in  the  PX*s.    Despite  the  fact  that .  they  are  trying  - 
to  threat  out  the  PX's-,  thej''  still  exist.    It  is  a  big 
market*    Sorry  to  keep  iihis  contrcversial, 

Dr.-Wells-s         --  We  appreciate  .your"  comments^  3ir^    In  the  numerous  intro- 
ductions that  X'jere  made,  in  fact 'T  ari  not  .sure  that  you 
xfere  here  x^rhen  -^le- introduced  ourselves,  I  didn't  get  your  . 

name,     ,  •  •      "  ■  ■ 


C.       Kaiiffman,  of  C,  S«  Kauffnan  and  Associates, 
Washington,  D.  C» 

I  think  it  is  alT^Fays  helpfLil  to  have  someone  who  doesn't 
Icnow  an;v'^hing  about  look  in  on  the  situation.  I 

might  say  that  we  have  a  corresponding  Toicture  here  in  tlif. 
laboratory.    About  four  months  ago  when  we  undertook  some 
work  we  selected  a  group  in  oiu"  engineering  division  who 
knew  nothing  more  about  milk  than  that  you  drink  it  oc- 
casionally, but  they  are  a  group  that  do  know  something 
about  drying  of  heat-sensitive  m.aterial,  they  do  k'now  seme 
thing  about  mdlk  now,  too.    Does  anyone  have  any  further 
comments? 

I*d  like  to  ask  Mr»  Dxjoskin  a  question.    In  these  problemis 
that  you  mentioned,  of  marlceting  a  fluid  concentrated  milk 
in  the  East,  X\ras  there  a  differential  betx^reen  the  concen- 
trate and  the  fresh  milk?    Did  it  exist  all  during  the 
period  of  the  trial? 

Initially,  there  was  a  price  differential  "in  favor  of 
liquid  3-to-l  concentrate  over  regular  milk.    In  the 
Eastern  market,  a  ouart  of  concentrate  sold  at  U  to  6 
cents  less  than  an  equivalent  amc.rr.t  of  re^gular  miliC.  In 
some  other  markets,  particuJ.arly  t...e  Pacific  Coast,  there 
has  been,  and  I  believe  continiies  to  be,  a  price  differen- 
tial of  6  to  9  cents  in  favor  of  3-to-l  liquid  concentrate 
The  price  differential  came  about  because  processors  were 
paying  m^anuf actured  rather  than  Class  I  prices  in  most 
instances  for  the  milk  used  for  concentration.    This  dif- 
ferential was  eliminated  when  it  was  ruled  that  processors 
had  to  pay. Class  I  prices  for  milk  used  for  concentration. 
Thus,  in  many  markets  for  most  of  its  commercial  existence 
liquid  3-to-l  concentrated  milk  did  not  have  a  favorable 
price  differential  compared  idth  fresh  milk. 

Vir*  Dr/ioskin's  emphasis  on  frozen  food  channels  as  a  means 
of  distributing  milk  products  appeals  to  m^e;  in  fact  I 
have  a  kind  of  pet  issue  along  that  line.    Hany  of  our 
products  when  stored  at  room  temperature  suffer  from  the 
effects  of  the  previous  heat  treatm.ent.    For  instance,  dry 
whole  mdlk  is  quite  good  when  it  is  first  manufact^-ired,  bu 
it  is  the  early  storage  period  when  it's  held  at  room, 
temperature  when  it  begins  to  suffer  its  m^ain  flavor 
deterioration.    P'or  this  reason  I  wonder  if  we  can't  try 
to  visualize  something  lilie  en  instant  dry  who?-e  milk  held 
at  freezing  temperature,  distributed  3.ike  frozen  orange 
and  just  like  the  orange  juice  taken  from  the  freezer  and 
pooped  into  a  pitcher  of  water  at  the  breaicfast  table,  and 
smrled  up  and  we  have  ovx  milk.    I  realize  that  there  are 
probably  some  factors  tha.t  have  bearing  on  this  problem 
that  I  haven't  brought  out,  but  I  do  think  that  we  should 
be  looking  in  the  direction  that  Ilr.  Dwoskin  has  amply 
brought  out. 
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Dr.  Wells: 


Dr»  Patton  has  an  extremely  good  point.    Certainly  based 
on  our  experience  mth  whole  fruit  juice  powder  our  stor- 
age data  would  indicate  that  this  would  be  a  very  desirable 
procedure.    What  xfe  would  like  to  attain  would  be  sM'fi- 
cient  stability  that  you  could  get  away  with  room  temper- 
ature storar^e. 


Dr.  Patton: 


Don  Anderson: 


Mark  Keeney: 


Kaiaf  f  man : 


Dr.  Wells: 


Comment : 


I  think  you  could  get  the  stability  if  you  could  get  the 
temperature  low  enough  immediately  after  manufacturing, 

I  think  that  it*s  the  convenience  in  merchandising  that 
counts.    We  mil  produce  the  product  and  it*s  men  like 
Dwoskin  that  x^rill  have  to  find  a  way  of  selling  the  prod- 
uct.   I  think  that  we  are  all  together  on  this.  Dairy 
oroducts  in  the  main  have  been  made  hard  to  get  rather 
than  easy. 

I  think  that  you  cannot  overemphasize  this  problem  of 
flavor  quality  in  concentrated  mill:.    I  Imow  that  the 
claimi  was  made  a  fex^r  years  ago  that  the  flavor  of  that 
product,  3-1  concentrate,  was  comparable  to  fresh  fluid 
milk.    The  product  that  I  tasted  on  the  Washington  market 
\-is.s  not  coiiiparable  in  flavor  to  fresh  fluid  milk.    It  was 
good,  it  wrs  a  very  excellent  cone ei:tr ate,  but  it  coiild 
not  compete  in  flavor  quality  T>ath  ..reeh  fluid  milk» 

There  are  tests  made  on  concentrated  m:Mks  and  on  Mr. 
Iverson*s  milk  sent  to  the  Departiiient  of  Agriculture  by 
top  taste  experts.    They  rated  the  m.ilk  better  than  the 
regular  homogenized  milk  from  the  local  dairy.    So  the 
flavor  is  there.    Wien  you  concentrate  milk  right,  you 
get  rid  of  the  so-called  dairy  flavor  or  smell.  When 
you  reconstitute  right,  you  \j±ll  get  an  acceptance  of 
7-10  preference  over  the  homogenized  milk  from  the  same 
dairy. 

You've  got  to  get  the  cow  out  of  the  cow's  milk. 

In  a  test  panel  of  non-experts  at  Pennsylvania  State,  75% 
could  pick  out  the  reconstituted  milk  and  did  not  prefer 
it. 


Mr.  Brighton:       We  ran  into  the  trouble  of  local  -water  supply  in  the  case 

of  reconstituting  orange  juice,  and  this  might  be  an 
important  factor  in  the  recoiistitution  of  milk.    You  can- 
not use  bad  water  and  get  a  good  product. 
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TYPES  OF  NONFAT  DRY  MILK  REQUIRED  BY  TIIE  FOOD  m^fJFACTURI:RS 

by 

R,  J.  Remalei'',  American  Dry  I^ilk  Instituts 
Chicago,  Illr.jiois 
(Presented  by  Robert  Osborn) 

The  American  Tfry  Mlk  Institute  greatly  appreciates  the  honor  of  appearing 
on  this  program.    Since  the  subject  assigned  x:as  so  inclusive,  x'e  have 
decided  to  limit  our  remarks  to  the  subject  of  the  uses  of  nonfat  dry  milk 
in  the  food  industry  with  particular  emphasis  on  the  requirements  for 
special  or  tailor-made  products  for  specific  purposes*    The  dramatic  and 
almost  spectacular  increase  in  sales  of  home  packa^^es  of  nonl'at  dry  milk 
tends  to  make  us  forget  that  the  great  bulk  of  sales  of  nonf?t  dry  milk  is 
to  com^aercial  users.    In  1951;  only  8*25^  of  the  nonfat  dry  milk  produced 
was  sold  in  consum.er  packages.    Perhaps  a  better  understanding  of  our 
problem  of  producing  nonfat  dry  m.ilk  for  specific  end  uses  m.ay  be  had  if  T-ie 
consider  first  hoi:  we  disposed  of  the  l.U  billion  pounds  of  nonfat  dry  milk 
proved  in  195U. 

We  use  the  word  "disposal"  rather  than  "sales,"  because  a  little  more  than 
hl%  of  ovr  total  "disposal"  was  to  the  Comjaodity  Credit  .Corporation  for 
support  purposes,  and  a  total  of  approximately  52^  was  procured  by  all 
government  agencies.    This  makes  the  govermr.ent  our  largest  customer.  We 
are  sure  that  neither  Don  Anderson  nor  ovr  industry  wants  it  this  way. 
Perhaps  by  meetings  of  this  kind— reviewing  where  we  are  technologically— 
we  may  be  able  to  help  solve  our  probleir.s.    I'ri:fl7,  during  195U  we  disposed 
of  k7%  of  our  available  suppler  to  the  Go: iMccit/-  ."'redit  Corporation,  to 
dom.estic  markets,  5/o  to  school  lunch  prograius,  1^7?^  to  export  and  0.3,'^  to 
the  U.  S.  Army  Qusrterriiaster.    It  shou?XL  be  pointed  out,  however,  that 
during  19 5U  more  nonfat  dry  milk  was  sold  to  the  domestic  market  than  in  any 
other  year  of  ouj?  history.    This  is  based  on  recently  released  U.S.D.A. 
fig^ares. 

For  the  purpose  of  our  discussion  today,  we  "i-jish  to  consider  these  m.arkets 
individually.    What  are  the  known  requirements  for  these  markets  from  a 
standpoint  of  "tailor  making"  nonfat  dr^.'-  milk? 

The  Baker  used  during  195U  roughly  38. of  all  the  nonfat  dry  milk  sold  in 
the  domestic  market.    For  bread,  he  specifically  re^^uires  a  nonfat  dr^^  milk 
which  has  been  hect  treated  sufficiently  to  Inactivate  the  loaf  voluirie 
depressant  factor  present  in  raw  milk. 

It  is  well  Icnown  that  inadequately  heat-treated  milk  or  dry  milk  prepared 
from  it  has  a  very  material  effect  on  the  quality  of  bread  baked  in  a  com- 
mercial bakery.    The  dough  is  sticlcy  and  difficult  to  handle  in  bakerj'" 
equipment.    l-Jlien  such  milk  is  used  in  the  normal  amounts  of  3  -  ^py  i"t  can 
sometim.es  cause  stoppage  of  the  production  lines  in  the  bakery.  Farther, 
the  bread  produced  is  low  in  volur:e,  compact  in  texture,  and  tough  in  eat- 
ing qualities.    Improperly  heat-treated  nonfat  dry  milk  is,  therefore,  not 
satisfactory/"  for  bread  baking  purposes. 

Unfortun.'i'.tely,  x-je  do  not  know  as  yet  what  the  loaf  depressant  factor  is. 
In  1929  we  established  a  research  fellows; lip  to  otudy  this  factor  ■•Jith  the 
hope  that  It  could  be  identrfied  and  a  test  could  be  developed 'whj.ch  would 
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be  suitable  for  the  purpose  of  setting  standards  "for  bakery  type  nonfat  dry 
milk.    This  fellox/ship  is  still  continuing.    While  xje  have  learned  much  of 
the  chemistry  of  milk  and  the  effects  of  heat  upon  the  various  constituents 
of  milk,  the  specific  factor  has  eluded  this  research. 

However,  certain  basic  facts  have  been  established  as  a  result  of  this  work 
and  other  research  carried  out  concurrently.    These  findings  have  enabled 
our  jjidustry  to  produce  nonfat  dry  milk  of  satisiactor^,^  baking  quality.  As 
examples: 

(a)  Nonfat  dry  milk  solids,  manufactured  by  preheating  the  raw  milk 
sufficiently  to  destroy  the  "loaf  depressant"  factor  prior  to  dr^/'ing, 
will  produce  a  better  loaf  of  bread  than  can  be  produced  with  no  milk 
solids,  from  the  standpoints  of  nutrition,  physical  appearance, 
internal  characteristic,  and  tavste  appeal. 

(b)  It  has  been  shown  that  the  minimum  heat  treatment  necessary  to 
destroy  the  "loaf  depressant"  factor  is  l65°  for  30  minutes,  or  its 
equivalent.    In  practice,  however,  a  preheat  treatm.ent  of  185*^  for 
30  minutes,  or  its  equivalent,  allows  ample  safety  factor  for  plant 
operations. 

(c)  vifhen  I'aw  separated  milk  is  preheated  to  temperatures  in  excess  of 
approximatel^r  l5S°  for  30  minutes  prior  to  drjring,  the  soluble  whey 
protein  fraction  is  denatured.    The  amount  denatured  is  dependent  upon 
the  time  and  temper  a  tijre  of  heating  and  to  some  extent  also  on  the  heat 
sensitivity  of  the  whey  protein  fraction. 

(d)  Several  tests,  such  as  the  Harland  Ashworth  test  have  been  devel- 
oped for  measuring  the  nitrogen  content  of  th.e  residual  whey  protein 
of  nonfat  dry  milk.    The  Harland  Ashworth  test  in  particular  is  being 
used  by  many  of  our  drying  plants  to  check  their  plant  processing. 

(e)  Although  the  amouTit  and  heat  sensitivity  of  whey  proteins  in  un- 
heated  separated  milk  varies  somewhat,  the  variances  within  a  given 
plant  are  relatively  small.    Therefore,  once  a  plant  has  determined 
the  nitrogen  level  and  the  sensitivity  ox  the  whey  protein  of  its  raw 
separated  milk  supply,  positive  control  for  baker:/  use  can  be  maintained 
by  determining  the  amount  of  nitrogen  present  in  the  whey  protein  of 
the  finished  product. 

(f )  The  saFie  tj^pe  of  pre-heat  treatment  is  reqiured  for  both  roller- 
and  spray-processed  noiifat  dry  milk.    Apx^arently  the  heat  treatment 
received  \3j  cold,  raw  milk  as  it  flows  into  the  well  between  the  rolls 
is  net  sufficient  to  assure  its  good  baking  quality. 

The  dry  milk  industry  now  has,  and  has  had  for  a  number  of  years,  all  of  the 
knowledge  and  controls  necessary  to  produce  a  satisfactory  "high  heat"  or 
"bakery  type"  nonfat  dxy  milk.    Since  19?1  the  Merican  Dry  llilk  Institute 
has  recomraended  and  sponsored  the  adoption  of  the  pl^jit  procedures  outlined 
above.    Because  the  nitrogen  of  the  whey  protein  in  raw  milk  varies  in 
am.ount  and  heat  sensitivity,  it  has  been  difficult  to  set  acceptable  stand- 
ards or  specifications  for  bakery  type  milk  on  this  basis.    At  the  present, 
in  order  to  insiure  good  baking  quality,  the  maximujn  nitrogen  limit  for  whey 
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protein  would  have  to  be  set  at  a  low  level  such  as  1«0  or  l.U  ingm.  per  gin« 

HoT-rever,  an  appreciable  amount  of  milk  whose  baking  quality  is  good  has  more 
nitrogen  than  this  in  its  whey  protein.    If  the  specific  "loaf  depressant" 
factor  could  be  identified  and  measured,  the  problem  would  be  simplified* 
Stocks  of  nonfat  dry  milk  such  as  the  Coroinodity  Credit  Corporation  has  on 
inventory  could  be  easily  segregated  and  that  found  to  be  suitable  used 
for  baking  purposes. 

To  illustrate  this  point;    IJhen  the  present  ^.uartermaster  Specification 
IC[L-M-lii9$  was  written  in  1952,  there  were  established  levels  for  \^ey 
protein  nitrogen  of  3 .5  and  5.0  mgm.  per  gm,  for  "liigh  heat"  and  "low 
heat"  respectively.    In  195U  the  requirement  for  "high  heat"  was  changed 
to  2.5  mgm.  per  gm.    We  would  have  preferred  recommending  1.0  mgm.  per 
gm.  for  "high  heat"  and  6,5  mgm,  per  gm.  for  "low  heat."    E3q:erience  has 
shoT"jn  that  at  times  even  the  liberal  levels  of  the  specification  cause 
hardshxip  in  some  areas  of  the  count ry« 

Before  leaving  this  topic  we  wish  to  emphasize  that  while  we  do  not  have 
any  specifications  adopted  for  bakery  type  nonfat  dry  milk,  we  have  the 
knowledge  required  for  making  tbJ.s  type  of  product,    'i'he  chief  require- 
ment is  adequate  heat  treatment. 

The  Dairy  Industry  in  195U  was  the  second  biggest  domestic  user  of  nonfat 
dry  millc,  approximately  20.3%»    Although  it  is  not  possible  to  break  doxjn 
completely  the  individual  usage  in  this  market,  we  Icnow  that  ice  cream, 
cottage  cheese  and  other  t^^es  of  cheese,  butts-mill:,  and  chocolate  drinks 
used  the  major  portion. 

The  use  of  nonfat  dry  milk  in  dairy  products  is  a  natural  growth  of  the 
phenomenon  of  shortages  and  plenty  throughout  the  dairy  industry.  \Taen 
local  supplies  are  low,  it  is  necessary  to  ir;jport  some  form  of  milk  solids 
to  provide  the  raw  materials  to  maintain  constant  supply,    ■t'^or  exaxrple,  the 
cotta'ge  cheese  industry  in  the  South  ten  years  ago  flo\irished  during  the 
summer  months,  but  because  of  lack  of  nonfat  solids,  virtually  disappeared 
from  the  retail  market.    Nonfat  dry  milk  became  a  source  of  supply  which 
coul-d  stabilize  a  profitable  market.    It  Trras  soon  found,  however,  that  all 
nonfat  dry  milk  would  not  produce  a  satisfactory  cottage  cheese,    'i'he  major 
defects  included  (l)  inability  of  the  reconstituted  milk  to  develop  s^Jiffi- 
cient  acidity,  and  (2)  poor  x^ey  drainage  of  the  curd  which  resulted  in 
soft,  mushy  curds  that  were  unsalable. 

Poor  activity  of  nonfat  dry  m.i3.k  is  not  just  an  "old  wives'  tale."  Nonfat 
dry  milk  sold  for  cottage  cheese,  buttermilk,  and  cheese  starter  should  be 
routinely  tested  for  starter  activity.    For  this  pijrpose  we  recommend  the 
use  of  the  Elliker  and  Horrall  activity  test.    The  control  of  production  is 
relatively  simple  oncfe  the  test  has  been  set  up  in  the  laboratory,  but  run- 
ning down,  the  cause'  can  be  extremely  difficult.    This  is  particularly  true 
if  the  cause  is  small  amounts  of  qaarternary  ammonium  compounds,    "^he  problem 
of  inadequate  drajjiage  of  the  curd  is  related  to  heat  treatment. 

We  have  discussed  processing  procedures  and  available  control  for  "bakery 
type" "or  "high  heat"  nonfat  dry  milk.    For  the  cottage  cheese  industry,  it 
is  necessary  to  produce  another  tailor  made  product,  a  dairy  type  or  "low 
heat"  nonfat  dry  mdlk. 
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From  the  standpoint  of  the  Institute's  recommendations,  low  heat  nonfat  dry 
milk  is  that  product  which  has  been,  produced  under  such  conditions  that  the 
total  heat  exposijre  lias  not  denatured  iiiore  than  ,5?  of  nitrogen  in,  the  orig- 
inal x^^hey  protein  of  the  unheated  separated  millc.    This  in  effect  means  that 
the  total  time  and  temperature  of  heating,  including  that  in  the  vacuum  pan, 
is  not  much  more  than  that  of  pasteurization.    Again,  the  Harland  Ashworth 
method  can  be  used  for  control  purposes  mthin  the  plant.    Since  the  maxi- 
mum preheat  treatment  approximates  that  of  pasteurized  milk,  we  believe  that 
"low  heat"  nonfat  dry  milk  should  be  phosphatase-free  to  eliminate  any 
question  of  the  adequacy  of  pasteurization. 

We  realize  that  the  measiirem.ents  of  starter  activitj^  and  the  precent  of 
denaturation  of  whey  protein  do  not  fully  take  into  account  all  of  the 
desirable  properties  nonfat  dry  milk  should  liave  for  the  production  of 
cottage  cheese.    Certainly  curd  tension  measurements  deserve  to  be  consid- 
ered.   The  dry  milk  industry  is  still  in  need  of  methods  which  can  be  used 
for  setting  up  standards  at  least  for  "high  heat"  and  "low  heat"  mill^  in 
absolute  terms. 

Except  for  cottage  cheese jthe  dairy  industry  can  tise  either  "high  heat"  or 
"low  heat"  milk  or  one  of  "medium  heat."    Per  buttermilk  there  are  probably 
some  advantages  to  "high  heat"  but  the  reconstituted  milk  is  usualD-y 
pasteurized  at  high  temperatures  before  culturing,  so  that  double  heat 
treatment  is  not  essential.    For  chocolate  drinks  and  ice  cream  the  pref- 
erence is  usually  for  "low  heat"  or  "mediujn  heat."    Soiie  ice  cream  makers 
require  superheated  nonfat  dr3'"  milk.    This  t^/pe  is  produced  'tij  superheating 
the  condensed  milk  with  steam  prior  to  drjring.    The  super".:.eated  nonfat  dry 
milk  will  produce  mixes  of  higher  viscosities  than  other  forms. 

During  195u,  there  was  distributed  for  final  revievr  before  publication  a 
tentative  draft  of  the  U.S.P.H.S.  "Ordinance  and  Code  Governing  the  Sanitary 
Control  of  Dry  Milk  Products  Used  in  Grade  A  Pasteurized  Milk  Products  J' 
After  these  standards  are  published^ it  is  believed  that  some  of  the  exist- 
ing barriers  to  the  use  of  nonfat  drj  milk  in  fluid  milk  products  will  be 
eliminated.    It  is  probable  that  the  adoption  of  U.S.P.H.S.  standards  will 
lead  to  eventual  increases  in  the  use  of  nonfat  dry  milk  by  local  dairies 
to  augment  their  milk  supply. 

The  small  package  nonfat  dry  milk  represented  19»7r^  of  our  domestic  sales 
or  8.25/0  of  total  production  as  reported  earlier.    Since  I-'Ir.  Dwoskin 
covered  'this  earlier,  our  onl2/  comment  is  that  .except  for  the  small  bakac, 
small  dairy,  or  institutional  trade,  and  possibly  the  packaged  dry  mixes, 
we  do  not  believe  that  "instant"  nonfat  dry  milk  will  liave  miany  coramercial 
uses  so  long  as  it  is  a  more  sxc-ensive  product.    Institutions  should  be  a 
good  market  for  tMs  type  of  nonfat  dry  milk. 

Our  next  largest  m.arket  is  the  m.eat  packer,  who.  bought  9»h%  of  our  domestic 
sales  in  195il-«    VJhen  nonfat  dry  i.alk  is  used  in  sausages,  meat  loaves, 
bologna,  frankfurters,  etc.,  thes(|  products  retain  their  fresh  appearance, 
are  juicier,  and  in  many  ways  are  superior  to  all  other  meat  sauvsages.  How- 
ever, the  •  Department  of  AgricultcJie,  through  the  Meat  Inspection  Branch, 
ARS,  limits  the  use  of  nonfat  dr/  milk  in  sausage  to  3»:?^*    In  addition, 
the  standards  for  "approved"  sau>3'9g3  include  nonfat  di^r  Liilk  in'  the.  category 
of  stabilizers,  gums,  etc* 
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Historically,  the  use  of  nonfat  dry  milk  increases  as  the  price  of  meat 
increases.    This  trend  is  ai^parent  today  as  we  have  had  continual  decline  in 
tonnage  in  that  market  since  1952. 

Although  nonfat  dry  milk  has  been  used  in  various  m.eat  products,  only  a 
rather  ciorsory  study  has  been  made  of  the  advantages  and  disadvantages  of 
various  types  of  nonfat  dry  milk.    Preliminary  studies  -.'Tere  undertaken  by 
the  A.D.II.I.  laboratory  last  fall.    These  included  corpariscns  of  "low  heat" 
and  "high  heat,"  spray  process  and  roller  process,  m,ade  from  cold  milk  and 
from  milk  which  had,  been  properly  preheated  for  bakery  pui'poces.    VJe  were 
unable  to  demonstrate  any  advantage  of  one  t^pe  or  process  over  the  otner. 
Unfortunately,  the  levels  of  fat,  moistuxe  and  nonfat  dry  m2_llc  addition  were 
all  within  the  existing  U.S.D.A.  standards.     It  is  possible,  by  increasing 
fat,  moisture,  or  both  above  the  present  standards,  to  show  greater  absorp- 
tive properties  of  one  type  over  another*    Although  strict  :.tandards  are  sot 
for  sausages,  there  are  a  nuiaber  of  meat  products,  including  all  of  the  meat 
loaves,  which  could  take'  advantage  of  any  developments  along  these  lines. 
We  plan  to  continue  our  work  on  the  use  of  nonfat  dr*y  milk  in  sausages. 

Prepared  dry  rixes  represented  6.7^  of  om-  dom.estic  sales.    In  our  baking 
laboratory,",  we  attempted  to  show  differences  in  dry  cake  ir.i::es  between  "low 
heat"  and  "high  heat"  nonfat  dr;>^  milk.    Ue  were  unable  to  find  any  signif- 
icant difference.    Cne  of  the  problems  we  have  encountered  in  the  use  of 
relatively  large  amounts  of  nonfat  drj  m.i].k  in  dr;/"  cake  mi:ces  is  the  rel- 
atively low  vapor  presr-ure  of  nonfat  dry  mill:  as  opposed  to  the  relatively 
high  vapor  pressure  of  flour  and  other  ingredients  of  the  mix.    This  has 
resulted  in  apparent  staling  of  the  dry  i-ib:  on  the  shelf.    Nonfat  dry  milk 
solids  with  its  lactose  in  the  hydrate  form  cculd  be  t:".3  so?-uticn  to  this 
problem. 

Other  markets,  which  represent  ^^5%  of  our  total  domestic  sales,  include 
corjzectionery,  institutions,  soup,  phai^i^'.aceuticals,  soft  drinks,  atc.j  they 
have  few  if  any  special  requirements.    There  are  specific  requirements  for 
a  few  items.    For  example,  "high  heat"  spray  process  nonfat  dry  milk  is  used 
in  sterilized  mdil<:  drinks,  and  generally  roller  process  dry  whole  mi3J-:  is 
preferred  to  spray  for  use  in  chocolate  coating. 

Thus,  approximately  7Q%  of  om^  total  domestic  sales  of  nonfat  dry  milk 
during  195u  were  to  markets  requiring  tailor-made  products.    This  tonnage, 
however,  represents  only  a  little  more  than  36.0^-  of  all  of  the  non-fat  dry 
milk  "disposed  of"  during  19^1i  if  we  include  all  GoverniTient  purchases  and 
commercial  exports.    Just  how  much  of  our  total  production  could  be  "tailor- 
m.ade"  toda^r  T.jith  "high  heat,"  "low  heat,"  or  "instant"  is  not  !aio:m.  Prac- 
tically all  plants  today  are  ecuipped  to  produce  "bakery  tj.'pe"  or  "high 
heat"  nonfat  dry  milk.    A  smaller  nuFiber  of  plants  is  equipped  to  produce 
"cottage  cheese"  type  milk,  and  only  a  few  are  raaking  the  "instant"  type 
products. 

For  many  uses,  the  requirements  for  nonfat  dry  rdlk  have  not  been  as  well 
defined  as  lor  the  bakery  type  product.    Gvx  present  problem  is  to  determine 
these  requirements,  develop  laborator;^''  tests  for  their  evaluation,  and 
finally  establish  standards  or  specifications  for  tlie  manufacture  and  pur- 
chase of  the  specific  ty^e  of  product  needed.    Our  Institute  through  our 


-  2U  - 


Research  and  Standards  Committees  is  activel]^  i:orking  on  tliis  problem,  ¥e 
welcome  any  suggestions  in  its  solution* 

Discussion 

To  Dr.  G,  F.  Somers*  question  about  the  best  stage  at  which  the  heat  treat- 
ment should  be  made  !-lr«  Osborn  stated  that  heating  before  concentration  is 
preferred* 

Dr*  Jenness  pointed  out  that  the  heat  effect  on  de stabilization  of  the 
caseinate  is  faster  on  the  concentrated  nonfat  dry  milk*    Denaturation  of 
the  x^^hey  proteins  does  not  differ  much  whether  heated  before  or  after 
concentration. 


THE  METHODS  AND  PRQBLEI^S  FOUND  IN  THE  PRODUCTION  OF  GCNCENTRATED  KIJA 

by 

Victor  Nelson,  Food  Machinery  &  Chemical  Corporation 

San  Jose,  California 

The  methods  used  in  the  manufacture  of  concentrated  milk  are  well  knoi^m;  the 
problems  are  less  well  known*    Hoxyever,  I  should  like  to  discuss  the  produc- 
tion of  evaporated  milk  from  the  manufacturer's  point  of  view,  confining  my 
repiarks  largely  to  the  heat  treatraent  of  milk,  tlie  probleias  found,  and  the 
methods  which  are  used  for  their  solution.    Obviously  I  cannot  cover  the 
entire  subject  but  I  hope  to  show  that  the  processir^g  of  mill:  has  an  interest 
ing  technical  aspect. 

Properties  Desired  in  B^/aporated  Milk 

It  is  probably  appropriate,  before  discussing  the  methods  of  production,  to 
describe  the  physical  properties  desired  in  a  can  of  sterilised  evaporated 
milk*    IJhile  there  is  some  variation  of  opinion,  I  believe  most  will  agree 
(l)  that  the  milk  must  be  free  from  visible  coagUtlation,  that  is,  sFiall  speck 
of  coagulated  milkj  (2)  that  a  color  and  viscosity  comparable  to  cream  is 
desirable^  (3)  that  the  mij^k  should  not  feather  or  coagulate  in  hot  coffee; 
(h)  that  the  milk  should  filter  readily  through  the  usual  fresh  mdlk  filter 
pad.    In  addition,  the  inside  of  the  can  shou_ld  be  clean,  that  is,  no  "burn- 
on"  or  "smear-on*"    These  terms  apply  to  coi; g^.ilated  protein  adhering  to  the 
can  walls,    "Burn-on"  refers  to  coagulated  protein  with  a  foam-like  struc- 
ture adhering  to  the  can  walls  in  irre,gular  patches,  while  "smear-on" 
consists  of  a  thin  coating  of  coagulated  protein  spread  uniformljr  over  the 
can  walls.    The  milk  should  have  also  good  storage  properties,  that  is,  fat 
separation  should  not  be  over  a  trace  after  three  months  storage  at  75^F. | 
mineral  precipitation  (calcium  citrate)  should  be  absent|  and  no  sedimenta- 
tion or  gelatin  of  protein  should  be  evident*    No  unusual  flavors  should  be 
present. 

Hot -Well  Procedures 

I  believe  you  are  all  farrdliar  with  the  general  plan  of  operation  of  a 
condensery*    There  are  problems  connected  with  every  phase  of  the  operation. 
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but, none  are  nore  iinportant  than  those  found  in  the  heat  treatment  of  milk 
in  preparation  for  canning  and  sterilizationi.    "l/hile  the  diif  iculties 
appear  in  the  sterilization  process,  the  adjustments  or  corrections  are 
made  to  a  large  extent  in  the  hot-well  process. 

As  a  generalization,  we  might  say  that  the  variables  in  hot-well  treatment 
are  (l)  the  temperature  to  wliich  the  millc  is  heat  3d,  (2)  th.3  time  requii^ed 
to  attain  that  temperature  or  the  rate  of  heatingj(3)  the  time  the  rrdlk  is 
held  at  the  desired  teiiperature,  and  (ij.)  the  degree  of  agitation*    There  is 
considerable  difference  of  opinion  on  the  inportance  of  these  variables.  It 
is  true  that  equal  jjiportance  cannot  be  attached  to  all  of  them  and  their 
relative  importance  X\rill  vary  with  the  mdlk  composition. 

Jacketed  Hot  ■•Jell 

To  illustrate  these  variables,  I  should  like  to  discuss  some  of  the  hot-^-ell 
processes  uhich  are  used.    For  e::ample,  milk  is  heated  in  the  jacketed  hot 
T-^11  at  a  relatively'  Iot-t  rate  and  with  relatively  low  agitation.    A  lo!-.-^  rf.',e 
of  heating  allows  for  salt  precipitation  and  perhaps  reduction  in  calciujn 
ion  concentration  before  that  tenp  erature  is  reached  at  which  denaturaticn 
of  the  whey  proteins  begins.    In  some  cases  this  may  be  a  deciding  factor 
in  the  heat  stability,  for  there  is  some  evidence  of  a  practical  nature 
which  suggests  that  if  the  whey  proteins  can  be  denatured  x^jithout  too  much 
loss  of  charge  the  heat  stability  t-jIII  be  iriproved.    This  idea  m.ay  be  in- 
correct, but  the  fact  rem>ains  that  heat  stability  is  influenced  not  only  by 
the  time  ard  temperature  but  also  by  agitation  and  the  rate  of  heating. 

Superheating  Process 

In  marked  contrast  T^7ith  the  jacketed  hot-well  iDrocess  is  the  so  called 
"superheating  process."    This  is  a  high-agitation,  high -rat e-of -heating, 
short -time -of -holding  process  which  produces  a  gelation  or  coag-.ilation  in 
the  unsterilized  milk.     It  is  used  occasionally,  usualP^y  irith  moaif ication. 
There  is  high  agitation  with  large  surface  areas.    Vie  can  also  expect  rel- 
atively high  calcium  ion  concentration  and  a  high  concentration  of 
undenat^jred  whey  protein.    If  the  process  is  continued  for  several  hours 
the  result  is  an  unsterilized  evaporated  milk  with  a  viscosity  comparable 
mth  sterilized  evaporated  milk.    Obviously,  the  process  is  not  continued 
but  the  point  is  that  the  manner  of  heating  can  have  a  very  marked  iiifluence 
on  the  physical   properties  of  the  milk.    The::e  tx\ro  processes  represent 
extremes,  but  you  can  readily  see  the  opportujiities  offered  for  imivimcrable 
variations  in  hot-well  treatment. 

Tubular  Heating 

The  hot-well  process  most  comimonly  used  in  the  evaporated  m.ilk  industry 
employs  tubular  heat  exchangers  for  heating  milk  to  the  desired  temperature 
and  hot  wells  for  holding  time.    These  processes  combine  high  agitation  with 
fairly  rapid  heating  rates.    Their  chief  features  are  convenience  and 
economy,  but  for  best  results  they  are  occasionally  supplemented  lAjith  milk 
treated  by  the  "s^.iperheating  process."    Holding  time  in  the  hot  well  and 
temperature  of  holding  are  varied  with  the  season. 
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Steam  -  Mlk  Mixers  ... 

An  interesting  process,  T-ihich  is  used  occasionally,  emplo^rs  the  so-called 
"torpedo."    This  is  a  small  chamber,  in  which  milk  and  steam  are  mixed, 
usually  under  pressure  •    It  involves  a,  very  high' rate  o±"  heating  and  the 
temperature  is  often  above  212°F,    It  produces  a  milk  idth  high  heat 
stability,  pro^^ided  the  milk  is  fairly  stable  to  begin  TatLth.    If  the  milk 
is  of  moderate  to  low  in  heat  stability,  no  improvement  in  heat  stability 
is  obtained,    lou  will  note  the  similarity  of  this  process  to  the  "super- 
heating process"  in  that  both  involve  high  rates  of  heating  and  high 
agitation J  the  difference  is  in  the  time  of  holding  under  high  agitation. 
In  steam-milk  mixing,  part  of  the  m.ilk  is  heated  presmiiably  to  a  high 
temperat^are  and  the  remainder  is  heated  by  the  mixing  which  occurs. 
Anal3^sis  indicates  also  a  marked  drop  in  labile  sulfur  as  compared  with 
the  "superheating  process."    Furthermore,  evaporated  milk  made  from  super- 
heated milk  is  subject  to  feathering  or  coagulation  in  hot  coffee,  while 
the  milk  from,  the  steam-milk  mixer  is  normal. 

I  believe  you  mil  agree  that  the  hot-well  process  is  more  complicated 
than  generally  believed  and  that  the  variation  in  process  adopted  at  any 
time  is  largely  a  matter  of  judgment.    It  is  generally  not  realised  that 
the  process  is  varied  almost  dail3r,  usuall3r  by  a  change  in  the  temperature 
of  holding  and  preheating.    The  process  is  governed  by  the  res"cilts  ob- 
tained at  the  sterilizer. 

At  this  point  I  should  like  to  add  a  note  of  explanation.    The  hot-well 
time  and  teip-perature  are  varied  so  that  the  use  of  stabilisers,  such  as 
disodium  phosphate,  can  be  held  to  a  minimujn.    Hoi  evGr,  there  is  a  limit  to 
this  time-tenp erature  increasei  for  example,  it  is  generally  found  that  an 
increase  in  holding  time  f  rom  5  minutes  to  10  mdnu^tes  at  210°F.  results  in 
a  mxarked  in.:;rease  in  the  he-:.t  stability  of  the  evaporated  milk.  However, 
an  increase  in  tiiiie  from  i')  niiMutes  to  20  minutes  produces  less  m.arked 
results  o.cci  if  the  time  a..t  VlC'".Fc  is  extended  beyond  30  minutes  a  loss  in 
heat  stability  usually  cc 3 ',!:•  ■.,,    If  an  operator  is  unfortunate  enough  to 
enter  tho  zone  c.f  cecreai>l';i ;  Ueat  stability  he  is  in  real ,  trouble,  because 
none  of  Ihs  le5?;al  stabiliz;-';.  s  £j?e  effective  for  stabilization^    His  only 
solution  is  to  stabilize  t.'ij.::-  lot  of  mdlk  by  roixing-  T-Tith  an.other  lot  of 
greater  heat  stabilit^^.  •  . 

Composition  and  Heat  gtabil'ty 

Perhaps  I  can  illustrate  the  relationship  between  a  simple  hot-ifell  process 
and  the  seasons-l  composition  by  referring  to  drta  taken  many  ^rears  ago  at 
a  iiidwe^ii.-^rn  p'lant.    In  this  particular  case  the  hot-well  holding  time  was 
approxii'Vitoly  1^  minutes?  a  .single  pass  preheater  was  ueed  with  an  upper 
heating  limit  of  about  15'C^Fr.    Therefore,  the  process  is  reported  in  terms 
of  temperature  at  the  prehe.-ter  and  temperature  in  the  hot  well*.    The  hot- 
well  process  was  intended  to  reduce  the  sta.bilizer  reouirements  to  a 
minimum.  " '    ■  ■ 

In  about  a  week  after  the  .mrMk  was  sterilized,  analyses  were  made  for 
calcium.,  total  protein  and  tcbal  phosphorus  and  the^se  data  were  collected 
at  irregular  intervals  diiring  a  period  of  10  monthe  *  :  Tne  data  are  reported 
on  the  basis  of  18,10^^  nonfat  solids « 
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TABLE  I 


Relation  Between  Cornposition  ?.nd  Process 


Date 

Protein 

Calcimn 

% 

Phosphorus 

% 

Kot-VJell 
Preheater 

Process  °F 
Hot  h-ell 

lO/ll 

7.07 

0.251 

0.196 

135 

195 

11/2U 

6.75  • 

c.  255 

0.193 

155 

207 

12/8 

<-»  1-'/' 

0.256 

0.187 

150 

2i0 

2/13 

6.35 

0.251 

0.195 

115 

20ii 

3/27 

6.25 

0.2U9 

C.lc7 

1^5 

202 

h/22 

6.hl 

0.2li9 

0.19U 

li;0 

5/11 

6.79 

0. 2U5 

0.199 

n  ^ 

5/25 

7.09 

0.2U5 

0.209 

T  0 

You  T'Till  notice  that  the  condenser^/  operator  adjusted  the  hot-Tijell  treatment 
as  the  composition  changed,    Th2re  is  good  correlaoion  between  the  process 
and  the  corfiposition.    i^or  example,  compare  the  d.-ta  of  October  and  February. 
The  calcium  and  phosphorus  contents  are  the  same,.  •  ut  there  is  a  large  dif- 
ference in  the  protein  content.    l-Jhile  calcium  and  phosphorus  are  a  part  of 
the  protein  m.olecule,  it  is  evident  that  a  greater  concentration  of  both  -.. 
calcium  and  phosphorus  exists  outside  the  molecule  in  the  February  mdlk. 
Apparently,  the  increased  temperature  treatment  in  February  is  an  effort  to 
reduce  the  effective  calcium  ion  and  perhaps  the  calcium  phosphate  concen- 
tration. 

It  is  easy  to  assume  that  the  principal  factor  in  heat  stability  is  the 
calcium  ion  concentration.    The  evidence  from  several  sources  supports  this 
view  and  it  may  be  correct.    Hoviever,  it  is  difficult  to  account  for  some 
of  the  heat  stability'-  phenoFiena  on  thj.s  assumption  alone.    For  example,  Tje 
have  the  effect  of  traces  of  copper  and  tliose  hot-nell  treatments  discussed 
previously  i-jhich  have  marked  effects  on  the  heat  stability.    It  is  also 
possible  to  speculate  Mith  some  success  on  the  ratio  of  calcium  phosphate 
to  protein.  - 

Composition  and.  Tiscosity 

It  is  usually. not  difficult  in  comm.erciai  operation  to  produce  the  desired 
heat  stability  by  variation  in  the  hot-T-jell  process  and  by  the  addition  of 
stabilizers,  but  it  is  difficult  to  produce  consistently  the  desired 
viscosity.    The  generally  satisfactory  physical  properties  of  mdlk  m.anu- 
factured  in  October  has  been 'the  goal  toward  T-rhich  all  strive  to  diiplicate 
at  other  seasons  of  the  year  b;>  variations  in  either  the  hot-well  process  or 
the  sterilisation  process.    One  ir-novation  has  been  the  use  of  "superheated 
milk"  as  described  previousl3/-.    However,  it  is  not  a  pop^olar  process,  for 
unless  handled  carefully,  there  is  danger  that  tlio  sterilized  mdlk  T-jiil  gel 
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on  storage  or  feather  or  coagulate  unduly  when  used  in  hot  coffee*    But  a 
very  satisfactory  viscosity  and  fat  stability  can  be  achieved.  Another 
approach  to  offset  the  effects  on  fat  separation  of  the  lower  viscosity  of 
milk  manufactured,  for  example,  in  March  is  by  an  increase  in  the  homogen- 
iser  pressure,  which  unfortunately  produces  a  loss  in  heat  stability  not 
usually  stabilized  by  di sodium  phosphate.    So  even  with  the  variations  made 
in  the  hot-well  process  there  are  no  legitimate  methods  of  which  I  am  aware 
that  can  convert  a  low  protein,  high  calcium  milk  into  a  milk  equal  in 
physical  properties  to  a  high  protein,  moderately  high  calcium  milk. 

Sterilization 

The  probability  of  greatly  improving  the  physical  properties  of  sterilized 
milk  by  variations  in  the  conventional  sterilization  process  is  not  very 
high.    In  the  first  place,  a  certain  time  and  teriTperature  are  necessary 
for  sterility.    If  the  can  speed  is  increased  in  the  continuous  sterilizer, 
the  time  is  decreased,  which  usually  indicates  the  need  for  an  increase  in 
the  temperature  of  the  cooker,  because  most  processing  is  held  near  the 
minimum  safe  temperature  required  for  sterilization  at  any  given  time, 
Ther«  is  not  much  flexibility.    For  example,  the  increase  in  can  speed, 
that  is,  more  cans  per  Fxinute  through  the  sterilizer,  increases  the  agita- 
tion which  has  an  adverse  effect  on  the  heat  stability.    The  effect  of  the 
decrea.se  in  time  and  increase  in  temperature  varies  mth  the  milk  composi- 
tion.   For  example,  we  may  have  two  evaporated  milks  which  require  ih 
minutes  at  2h3^^-  to  arrive  at  the  rrrain  point.    However,  if  these  milks 
are  processed  for  10  minutes  at  2U7^F.,  approxiiiateljr  coinparable  in  steril- 
izing value  to  the  previous  process,  we  may  find  one  milk  severely  grained, 
while  the  other  milk  is  not  grained.    Therefore-,  the  effort  to  improve  the 
physical  properties  of  sterilized  milk  by  manipulation  of  the  time-temper- 
ature relationship  has  not  been  particularly  successful. 

Defects  in  Manufacture 

So  far,  I  have  discussed  the  general  methods  of  operation  and  some  of  the 
m.ore  comm.on  problems.    I  should  now  like  to  discuss  some  of  the  specific 
problems  which  develop  in  the  sterilization  process  and  the  age  defects, 

I  m.entioned  earlier  the  problem  of  "burn-on"  and  "sraear-on."    To  most  of 
you  these  may  appear  to  be  trivial,  but  these  problems  are  a  constant  source 
of  annoyance  to  the  technologists,  because  the  cause  of  the  defects  is 
obscure.    It  should  be  realized  that  the  f ujiction  of  the  sterilizer  pre-  . 
heater  is  to  reduce  or  elirainate  the  "burn-on.'^    If  the  "burn-on"  can  be 
eliminated  by  other  means,  we  do  not  need  the  preheater. 

There  is  always  a  certain  am.ount  of  foam  present  when  the  cans  leave  the 
filler.    The  mill^  also  contains  more  or  less  dissolved  air.    But  why  foam 
appears  to  coagulate  and  adhere  to  the  can  walls  in  som.e  cases  and  then 
build  up  in  amount  in  the  cooker  is  unknox-m,  at  least  to  me.    We  do. know 
that  some  types  of  enam.el-lined  cans  are  more  subject  to  this  defect  than 
plain  tinned  cans,  so  apparently  the  s-ijrface  of  the  tin  plate  is  a  factor. 
Perhaps  a  trace  of  a  silicone,  if  allowable,  would  be  desirable.    It  is  also 
knoT'in  that  an  increase  in  vacuinn  in  the  can  increases,  the  "burn-on."  There- 
fore, the  sterilizer  preheater  is  used  prior  to  the  cooker,  not  only  to 
allow  tiriie  for  the  foam  to  dissolve  or  disperse,  but  also  to  reduce  the 
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difference  in  terperature  between  the  milk  and  the  cooker.    The  greater  this 
difference,  the  greater  will  be  the  evaporation  from  the  foam  surface,  the 
mill;  acting  as  the  condenser.    And  if  this  differsnce  is  greater  than  2S^i''« 
most  Trdlks  will  show  some  "burn-on."    Even  an  ecctremely  short  exposure  to  a 
high  temporatn.re  differential  is  sufficient  to  initiate  this  defect. 

It  would  appear  that  "burn-on"  is  related  to  the  heat  stabi?_ity  of  the  mill:, 
but  '-biarn-on"  is  frequently  most  severe  in  "'ay  or  June  ^jhen  the  heat 
stability  is  usually  high.    Thus  it  appears  to  be  a  Question  of  conposition, 
but  so  far  as  I  know,  no  one  has  ever  ana3vzed  the  "bujrn-on."    Is  it  a  cro?r 
section  of  the  :.iilk  proteins,  or  is  it  primarily  a  coagulation  of  the  whey 
proteins  or  some  fraction  thereof?    I  suspect  the  whey  proteins  are  a 
factor,  but  it  would  be  helpful  to  know* 

Som.etimes  the  "burn-on"  does  not  adhere  strongly  to  the  can  walls  but  be- 
comes detached  and  then  it  may  be  mistaken  for  grain  from  over-sterilization 
or  lack  of  heat  stability.    Therefore,  the  operator  must  be  able  to  dis- 
tinguish between  grain  from  lack  of  heat  stability  and  grain  originating  in 
foam.    This  is  not  alxvays  easy  to  dc. 

"3F.ear-on"  does  not  occur  xcLth  milk  of  good  heat  stability.    It  is  aijnost 
alxvays  associated  mth  mdlks  of  naturally  low  heat  stability,  that  is,  milk 
low  in  protein  in  relation  to  the  calcium  r.hosphate  or  briefly,  winter  milk. 
Therefore,  a  .low  teirperature  ~  long  ti^.e  sterilization  process,  for  e::amp]e^ 
a  cooker  time  of  la  rdnutes  at  2u3^F»3  ^-'111  usually/  not  produce  this  defect. 
It  is  a  heat  stability  problem  in  that  iv.illrs  exinbitijig  thds  defect  have  a 
steep  coagulation  cujrve,  that  is,  tney  are  excep-^ionally  sensitive  to  high 
temperature  sterilization.    I  believe  ^^ou  can  realize  the  difficulty  in 
attempting  high  tempera ture  in-can  sterilization  of  milks  j^rith  this  ' 
property?".    I  might  add  in  this  connection  that  a  trace  of  copper  in  the  raw 
Fiilk  prior  to  the  hot-well  process  changes  the  slope  of  the  coagvlation 
curve -and  in  r;:ost  cases  p3nnits  high  temper  a  ti-'xe  iii-can  sterilization.  The 
addition  of  copper  is  illegal  and  also  mdesirable  for  flavor  reasons,  but 
it  does  furnish  a  clue  as  to  the  basic  problem  involved. 

Steam  -  Air  Preheater 

The  "bum-on"  problem  can  be  reduced,  but  not  necessarily  solved,  by  the 
use  of  a  steam  -  air  preheater.    VJhile  time  dees  not  permit  Fie  to  go  into 
the  details  of  this  improvement  over  the  conventional  preheater,  it  may  be 
sufficient  to  outline  its  function. 

As  you  well  know,  the  temperature  of  the  water  at  the  entrance  portal  of 
the  conventional  preheater  is  roughly  100-120^F.  and  the  temperature  at  the 
exit  portal  is  approximately  2 12^F.    This  allox^'s  the  center-can  temper- 
ature of  the  millc  to  rise  to  approximately  206-210°?.  before  the  can  leaves 
the.  preheater.    In  the  case  of.  the  steam  -  air  preheater,  the  heating  mix- 
ture is  steam  and  air,  and  the  temperature  at  the  entrance  portal  maj?-  be, 
for  exairple,  22001^.  and  at  the  e:cit  portal  2U0<^F.    The  steam-air  Fiixture 
reduces  the  heating  rate  and  this  rate  can  be  chajiged  by  varying  the  per- 
cent of  air.    The  effect  of  this  innovation  is  to  allow  for  a  higher  center- 
can  temperature  at  the  exit  portal;  in  the  case  cited,  at  least  230°F. 
Usually  the  "burn-on"  in  the  cooker  is,  reduced  Fiarkedly  . and  if  not,  it  m.ay 
be  necessary''  to  increase  the  air  percentage.    Usually/  it  will  be  found  that 
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a  temperature  differential  between  the  milk  and  the  cooker  shoiiLd  be  less 
than  25*^F.  or  "buxn-on"  will  occur.    Therefore,  it  is  possible  x^ith  this 
preheater  to  use  a  cooker  temper  a  tijire  2Q^i\  or.  r:ore  higher  with  no  greater 
danger  of  "burn-on-'  than  usual  and  less  if  the  teriperatm^e  differential  is 
reduced.    I  should  add  that  "burn-on"  generally  originates  in  the  preheater, 
but  it  is  built  up  during  the  cooker  process.    So  even  a  slight  exposiure  to 
pure  steam  in  the  preheater  should  be  avoided. 

1-Jhile  "burn-on"  is  a  problem  generally  originating  in  the  difference  in 
temperature  of  the  cold  milk  and  the  cooker,  skins  are  a  problem  in  the 
cooler,  owing  to  the  difference  in  temperature  of  the  hot  milk  and  the  cool- 
ing x^ater.    In  the  first  case  evaporation  of  xjatcr  from  the  foam  occurs  which 
causes  the  initial  coagulation j  in  the  latter  instaiice  evaporation  occurs  at 
the  si-irface  of  the  milk  in  the  headspace  owing  to  condensation  of  steam  by 
the  cooling  water.    The  cases  are  similar,  but  reversed  and  the  solution  is 
similar.    One  solution  employs  a  small  steam  jet  in  the  cooling  water  at  the 
point  the  cans  enter  the  water.    This  allows  for  some  agitation  and  a  local 
temperature  rivse.    Usually  a  temperature  of  lUO^F*  locally  is  sufficient  to 
prevent  skin  formation.    In  other  words,  the  temperature  differential  is 
reduced  at  a  so-called  "hot  spot."    Agitation  can  be  introduced  and  is 
effective. 

Storage  Problems 

The  problems  of  the  manuf act'orer  are  not  over  until  the  nilk  is  consumed. 
The  average  age  of  milk  is  near  3  months  befoi*e  it  is  purchr.rod  by  the 
consuraer.    However,  the  teraperat-^ire  of  storage  is  a  factory,  fcr  example, 
storage  at  85  F,  produces  an  aging  effect  double  that  at  70^1'.    So  the 
manufacturer  frequently  places  milk  in  moderately  cold  storage  whenever  the 
market  is  slow. 

There  is  probably  some  difference  of  opinion  about  the  relative  importance 
of  storage  defects.    They  are  usually  listed  as  fat  separation,  mdneral 
deposits  or  lime  grain,  sedimentation  and  gelation,  brox-ming  and  flavor 
deterioration.    For  many  the  flavor  deterioration  is  most  iiiportant  and  in 
my  opinion  it  gains  in  importance  as  the  effort  is  made  to  produce  milk 
light  in  color  and  mild  in  flavor.    ¥ith  the  long  tijne-loT^j  temperature 
processes  commonly  used,  slight  flavor  changes  are  not  highly  ii'iportant,  but 
with  high  temperature -short  time  processes,  flavor  changes  become  highly 
important.    This  is  a  difficult  situation,  but  recently  some  progress  has 
been  made  on  the  age  effect,  that  is,  the  objectionable  flavor  normally 
associated  with  aged  milk  has  been  reduced  to  some  extent,  at  least  in  one 
commercial  product  nox-j  being  market  tested. 

For  standard  evaporated  milk,  fat  separation  probablj'  receives  the  m.ost 
attention.    It  is  well  known  that  a  small  globule  size  and  a  stable  viscos- 
ity?- appear  to  be  most  important.    Hox-jever,  a  small  globule  size  does  not 
necessarily  insure  freedom  from,  fat  separation.    Clurrping  of  fat,  x^jhether 
from  the  homo genizat ion  process  or  over-sterilization  frequently  results  in 
fat  separation.    These  defects  are  not  alx^rays  easy  to  detect  at  the  time 
of  manufacture. 

The  precipitation  of  calcium  citrate  -  sometimes  called  lime  grain  «  is 
seasonal  in  that  it  occijrs  chiefly  in  the  late  xiinter  months  in  the  Mddle 
West  or  in  regions  in  which  Holstein  cows  predominate.    In  the  South, 
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hov^ever,  mineral  deposits  occur  throughout  the  year.    The  cows  are  chiefly 
Jersey. 

No  entirely  satisfactorj''  solution  for  this  problera  has  been  found,  at  least 
to  my  Icnouledge,    Disodium  phosphate  is  effective  to  a  degree,  but  the 
amount  that  can  be  added  is  limited  not  only  by  law  but  by  the  limitations 
of  heat  stability  and  viscosity* 

Conclusion 

I  believe  I  have  covered,  briefly,  a  few  of  the  well  known  methods  and 
problems  of  in-can  sterilization  of  conceiitrated  or  evaporated  milk.  In 
general,  it  has  been  a  discussion  of  tirae,  temperature  and  agitation  and  its 
effect  on  the  heat  stability  of  mill:,    Wiat  I  have  not  pointed  out,  but  I 
shall  do  so  now,  is  that  the  work  on  in-can  sterilization,  if  projected  by 
calculation,  and  speculative  at  best,  into  the  270~290°F.  tcriperature  zone 
indicates  that  moct  milks  should  coagulate  at  these  tem.peratures  with  the 
times  normalljr  used  in  bulk  sterilisation,  followed  by  aseptic  filling. 
Now,  we  know  there  is  usually  no  evidence  of  coagulation  as  judged  hj  our 
usual  standards  I  in  fact,  som.e  of  these  milks  appear  very  heat-stable  aft:-r 
sterilization.    Are  they  in  fact  coagulated  but  in  an  extremely  fine  state 
or  is  an  extremely  high  agitation  or  turbulence  during  sterilization  a 
factor  contributing  to  the  apparent  heat  staliility?    Briefly,  I  believe  we 
have  a  fairly  good  idea  of  tnc' effect  of  time,  temperature  and  low  degrees 
of  agitation  on  the  heat  stability  of  mill:,  but  if  we  are  to  proceed  into 
high  teiiperature  sterilization,  then  it  becomes  necessar^r  to  know  more  about 
the  effect  of  high  turbulence  on  the  heat  stability,    I  hope  to  heaT  this 
discussed  during  this  meeting,    I  thank  you. 

Discussion 

H,  Klaessig,  The  Borden  Co,:    ./^re  the  terms  feathering  and  coag^alat ion 

similar? 

Victor  Nelson:    Yes,  I  use  the  two  terms  interchangeably, 

F.  J.  Doan,  Pennsylvania  State  Agricultural  E:cperiment  Station:    \fny  are 

mineral  deposits  important  since  so  many  consumers  punch 
holes  in  the  evaporated  ndlk  cans  and  never  see  them? 

Victor  Nelson:    They  are  important  largely  in  the  case  of  infant  feeding. 

The  deposits  become  detached  and  cause  clogging  in  the 
nipples. 
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SOm  EFFECTS  OF  UEI^  ON  THE  CONSTITUEITTS  OF  MILK 

by 

Robert  Jenness,  University  of  Minnesota 
St»  Paul,  Minnesota 

The  widespread  use  of  heat  treatments  in  the  manufacture  of  concentrated 
milk  products  makes  a  consideration  of  its  effects  of  paramount  importance. 
Many  of  the  problems  resulting  from  the  effects  of  heating  have  been  known 
for  a  long  time,  and  some  of  them  have  been  solved  in  a  practical  and 
empirical  manner,    Ivnoxjledge  of  the  underlying  mechanisms  has  been  slow  to 
accumulate,  however,  and  mcny  phenomena  still  remain  unexplained, 

A  considerable  portion  of  the  interest  in  the  effects  of  heat  centers 
around  the  milk  proteins.    Both  the  casein  and  the  whey  proteins  are 
involved  and  in  some  respects  their  responses  to  hec?.t  treatment  are 
interrelated. 

The  pervading  theme  of  this  paper  is  the  effect  of  heat  on  the  stability  of 
the  caseinate  particles.    Heat  denaturation  of  the  serum  proteins  will  be 
discussed  in  relation  to  this  general  topic. 

Nature  of  the  Gas e inate  Particles 

The  caseinate  particles  consist  of  the  protein  casein,  calcium.,  magnesium, 
phosphate  and  citrate.    Their  composition,  on  a  dry  basis,  is  approximately 
as  follox^^s:    casein,  9h%;  calciiLm,  3p|  m.agnesiuin,  0,1^d|  inorganic  phosphate 
(as  PO]^),  3% 9  and  citrate,  O.lj.^,    In  this  paper  the^  will  be  referred  to 
usually  as  containing  casein,  calciui'i,  and  phosphate. 

Casein, — The  term  "casein"  is  used  in  this  paper  to  designate  the  acid- 
preclji table,  rennet-coagulable  fraction  of  the  milk  proteins  which  amounts 
to  2,5  to  3 •Of:)  of  the  milk.    Casein  is  now  known  to  be  a  mixture  of  com- 
ponents which  are  co-precipitated  by  acid  or  rennet.    It  has  been  separated 
into  three  rather  well  defined  fractions  whdch  have  been  designated  alpha, 
beta,  and  gamma,  Tjhich  comprise  respectively  about  75%,  22%,  and  3%  of  the 
entire  casein.    These  fractions  differ  in  phosphorus  content,  amino  acid 
composition,  electrop heretic  mobility,  and  isoelectric  point.    The  principal 
work  in  isolation  and  characterization  of  these  fractions  has  been 'conducted 
at  the  Eastern  Utilization  Research  Branch  of  the  U,  S,  Department  of 
Agriculture,    The  most  characteristic  feature  of  the  composition  of  casein 
is  the  fact  that  it  contains  about  0.8$^  phosphorus  as  orthophosphate 
esterified  with  aliphatic  hydroxyl  groups  of  the  amino  acids  serine  and 
threonine.    Actually,  alpha-casein  contains  about  1%  phosphorus,  beta- 
casein  0,6^  and  gamiria-casein  none. 

Constitution  and  Size  of  Particles. — The  fine  structure  of  the  caseinate 
particles  is  far  from  being  completely  elucidated.    Several  questions  that 
have  intrigued  and  puzzled  investigators  in  the  field  are  whether  (l)  the 
alpha,  beta,  and  gamma  components  are  present  in  the  same  or  separate  par- 
ticles; (2)  the  inorganic  phosphate  is  present  in  the  complex  in  the 
divalent  or  the  trivalent  state |  and  (3)  the  casein,  calcium,  and  inorganic 
phosphate  are  associated  by  physical  or  chemical  forces. 
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The  alpha,  beta,  and  gairima  components  cannot  be  separated  bv  fractional 
centrif ugation  of  skim  milk,  and  thus  it  seeiiis  that  each  particle  either 
contains  all  three  components  or  that,  if  they  are  present  in  separate 
particles,  each  component  has  the  same  distribution  of  particle  sizes.  The 
fact  that  the  pH  is  raised  when  the  particles  are  disrupted  by  removal  of 
the  calcium  T-7ith  neutral  oxalate  indicates  that  the  inorganic  phosphate  is 
present  in  the  trivalent  state.    Present  evidence  indicates  that  the  casein 
calcium,  and  inorganic  phosphate  are  associated  through  ionic  forces,  or,  i 
other  i-jords,  through  salt  linkages.    There  is  no  good  evidence  for  the 
existence  of  a  separate  colloid-calcium  phosphate,  T.rhich  is  protected  by 
calcium  caseinate.    Rather  the  particles  appear  to  consist  of  some  sort  of 
double  salt. 

The  techniques  of  centrif  ugation  and  electron  microscopy  have  been  einployed 
in  determining  the  size  distribution  of  the  caseinate  particles.  Both 
techniques  shc-r  that  they  vary  greatly  in  size  from  30  to  300  mp.  in 
diameter,    Ultracentrif ugal  work  by  Ford  indicated  a  dominant  particle  si^e 
of  l68  mp.,  whereas  the  electron  microscope  measurements  of  Mitsckmann  and 
of  Kostettler  and  Imhof  showed  most  of  the  particles  in  the  range  of  5C- 
100  m)i.    Present  data  do  not  permit  an  uneo_uivocal  decision  as  to  wheth3r 
or  not  the  size  variation  is  continuous  or  discontinuous. 

Equilibrium  between  Particles  and  Envirom"!ent. — It  is  important  to  remember 
that  the  caseinate  particles  are  in  equilibrivat  with  the  ions  and  salt 
complexes  present  in  solution  in  mdlk."    IiicesG,  ■'rhese  particles  nay  be  said 
to  be  an  important  component  of  the  salt  erv.ilibrium  of  the  mdlk.  Thus 
calcium  and  magnesium  occur  in  milk  partly  in  thr  form  of  free  ions,  partly 
in  the  form  of  undissociated,  dissolved  corplexes  with  phosphate,  citrate, 
arid  carbonate,  and  partly  in  the  colloidal  casein^.te  particles.    The  dis- 
tribution of  calcium  and  Fiagnesium  a:.:ong  these  several  forms  is  markedly 
influenced  by  differences  in  temperature  and  in  pH. 

The  particles  are  \'ery  sensitive  to  changes  in  the  ionic  environment!  they 
readily  aggregate  with  increase  in  concentration  of  calciuFi  or  magnesium 
ions  and  break  up  trith  decrease  in  concentration  of  these  ions.    They  are 
poised  in  a  labile  or  precarious  equilibrium  in  the  mdlk.    Conditions  which 
upset  this  equilibrium  will  tend  to  destabilize  the  particles.    It  must  be 
remembered,  hox-jever,  that  the  environDient  of  the  caseinate  particles  also 
includes  lactose,  i;hey  proteins,  and  fat  globules.    Gb'dously,  interaction 
of  any  of  these  m.aterials  ^-dth  casein  or  with  components  of  the  ionic 
^environment  may  alter  the  stability  of  the  caseinate  particles.    In  con- 
centrated and  dry  milk  products,  the  ai2ii  is  usually  to  avoid  or  at  least  to 
limit  the  destabilization  of  the  caseinate  as  much  as  possible.    It  is 
proposed  to  discuss  the  irifluence  of  procedures  eiployed  in  concentrating 
and  drjring  on  the  stability  of  caseinate  particles  and  the  relation  of  tne 
stabilization  to  the  utility  of  various  concentrated  and  dry  iidlk  products. 

The  Phenomenon  of  Destabilization 

In  this  paper  destabilization  of  the  caseinate  particles  T'dll  be  taken  to 
mean  loss  of  original  degree  of  dispersion*    This  m.ay  be  of  a  degree 
detectable  only  by  electron  microscopy/  or  centrif ugation,  or  it  may  consist 
of  flocculation  in  the  formi  of  loose  curls  cr  '"grains,"  or  of  ^^elation.  In 
any  event  it  is  considered  to  represent  an  a^'gregation  or  agglomxeration  of 
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the  particles.    If  the  process  occurs  while  the  product  is  in  a  quiescent 
state,  a  network  may  be  foriTBd  encompassing  the  entire  volume  of  the  prod- 
uct (gel).    Upon  continued  standing  this  network  may  contract,  expelling 
some  of  -the  occluded  milk  serum  (syneresis). 

In  general,  a  straight-line  relationship  exists  between  the  temperature  and 
the  log  of  the  time  necessary  to  coagulate  milk.    However,  x>7ork  by  Cole  and 
Tarassuk  indicates  tliat  significant  deviations  from  a  linear  relation  some- 
times occur.     The  slope  of  the  plot  varies  somewhat  from  milk  to  milk,  so 
that  there  is  no  single  universal  relationship  applicable  to  all  milks. 

At  present  there  is  much  interest  in  the  uee  of  high  temperature  and -short 
time  f 05:*  sterilizing  various  concentrated  mill:  produ.cts*    Such  treatments 
take  advantage  of  the  fact  that  the  slope  of  the  time -temperature  curve  for 
sterilization  is  steeper  than  that  for  heat  coagulation  or  broi/jning.  Thus 
high  temperatm^e-short  time  treatments  will  give  sterilization  without 
de stabilization  or  browiing.    However,  products  prepared  in  this  way 
exhibit  undesirable  thicl:ening  and  fat  separation  in  storage.    It  remains 
to  be  seen  if  conditions  can  be  found  which  will  cause  the  development  of 
adequate  initial  viscosity  and  age  stabilit^T"  without  at  the  same  time 
causiiig  excessive  broTrjning. 

Fundainenta-l  Factors  Influencing  Stability 

In  general  there  are  four  fundamental  factors  tnrt  infj-v.ence  the  stability 
of  casejnate  particles.    These  are:    pH  or  acidity,  salts  and  ions,  enzyiTies 
and  heat  treatment. 

Effect  of'pH. — Caseinate  particles  are  very  sensitive  to  changes  in  pH.  As 
mientioned  above,  casedji  is  defined  as  that  protein  which  is  precipitated 
from,  milk  by  adjustment  to  the  isoelectric  point  at  pK  U.6,  but  even  at 
pH*s  other  than  the  isoelectric  point  #ie  caseinate  particles  are  very 
sensitive  to  changes  in  pK.    The  sensitivity  to  coagulation  by  cations  or 
by  heat  treatment  is  increased  enormously  if  the  pH  is  decreased  a  few 
tenths  of  a  rjiit  below  the  normal  value.    Conversely,  raising  the  pH  above 
the  normal  value  decreases  the  susceptibility  to  coagulation  by  cations  or 
heat  treatm^ent.  ' 

Effect  of  Salts  and  Ions. — The  caseinate  particles  can  be  salted  out  of 
dispersion  with  high  concentrations  of  salts,  e.g*,  by  saturating  milk  with 
sodium  chloride.    Of  more  interest  in  the  present  connection,  however,  is 
the  effect  of  small  q-aantities  of  polyvalent  cations.    As  previously  men- 
tioned, casein  exhibits  a  strong  tendency  to  aggregate  in  the  presence  of 
these  cations  and  very  small  concentrations  are  sufficient  to  bring  about 
a  coagulation  or  gelling  of  the  particles  in  milk.    As  a  matter  of  fact, 
variations  in  behavior  of  natural  milk,  in  stability  to  coagulation  have 
been  attributed  to  variations  in  the 'concentration  of  ionized  calcioim. 
Until  recently  it  ha:s  not  been  possible  to  study  the  relation  between 
calcium  ion  concentration  and  stability  bee ausie  of  lack  of  m.ethods  for 
determining  calcium  ion  concentration  unequivocally.    However,  methods 
have  recently  been  published  which  give  an  indication  that  it  I'lill  be  pos- 
sible to  make  such  studies  in  the  near  future. 

infect  of  Enzyme s.—Proteol:/tic  enzymes  in  general  tend  to  render  casein 
more  susceptible  to  coagulation  b/  cations  with  very  little  actual 


proteolysis*    It  appears  that  the  opening  up  of  a  few  crucial  linkages  by 
proteolytic  action  has  a  very  pronounced  effect  on  the  stability  of  the 
protein  to  coagulation  by  cations •    Of  course,  in  the  dajjfy  field  interest 
in  the  coagu-lation  by  rennin  is  of  trer.endous  irq^ortance.    This  enzyiTie  is 
proteol;^"bic  but  exhibits  a  very  x-veak  proteolysis  at  the  pH  of  mill:*  Actu- 
ally it  tremendously  increases  the  susceptibility  to  coagulation  with 
cations  vdth  degrees  of  proteolysis  which  are  scarcely  detectable.  It 
apparently  catalyzes  an  irreversible  change  in  so.Tie  particularly  crucial 
linkages  in  the  protein. 

Effects  of  Concentrating  and  Dr3/'ing  on  Stability  of 

the  Gaseinate  Particles 

It  is  well  known,  of  course,  that  concentration  of  milk  renders  the  casein- 
ate  more  sensitive  to  de stabilization.    The  question  to  be  considered  at 
this  point  is  how  concentration  produces  this  result. 

One  important  effect  of  concentration  is  the  shift  that  it  produces  in  the 
salt  equilibria.    Upon  concentration  of  milk  calcium,  phosphate  and  citrate 
are  transferred  from  the  dissolved  to  the  colloidal  state  and  the  pH  drops ^ 
The  combined  effects  of  lower  pH,  more  colloidal  salts,  and  higher  concen- 
tration of  particles  per  unit  volume  result  in  a  lower  stability.    Thus,  fo 
example,  less  heat  is  necessary  to  destabilize  a  concentrated  product  t.ian 
the  original  u.nconcentrated  starting  material.    In  general,  the  heat  stabil 
ity  decreases  linearly  as  the  concentration  is  raised. 

Another  effect  of  concentration  is  to  alter  the  rate  of  reactions  that 
occur  during  heating.    The  sliift  in  pH  and  the  increased  concentration  of 
reactants  may  both  be  involved  here, 

Effect  of  Heat  Treatment. — Heat  treatment  is  of  tremendous  importance  in 
relation  to  the  stability  of  the  caseinate  in  concentrated  and  dry  milks. 
The  effects  of  heat  on  the  particles  may  be  both  direct  and  indirect, 

1.    Effect  on  Casein  Itself,    The  only  pertinent  known  direct  effect  of 
heat  on  the  protein  itself  is  degradation  with  release  of  esterified  phos- 
phate and  hydrolysis  of  peptide  linkages*    Thus  Kcwat  and  Wright  demon- 
strated considerable  degradation  and  dephosphorizaticn  when  sodium  or 
calcium  caseinate  sols  were  heated  at  120°C.  for  times  up  to  5  hours.  A 
3.5;^  calcium  caseinate  sol  coagulated  after  being  heated  for  2  hours  and 
losing  about  $7%  of  its  phosphorus.    No  satisfactory/  data  are  available 
shox-^ing  the  extent  of  dephosphorizaticn  and  degradation  occurring  in  milk 
itself  during  heating. 

The  term  "denatujration"  is  often  employed  in  discussing  the  phenomenon  of 
the  de stabilization  of  the  caseinate  system.    This  term,  hoTjever,  is 
usually  reserved  (at  least  by  protein  chemists)  for  ncn-hjrdroljrfcic  re- 
arrangements in  configuration  of  a  protein*    Such  changes  have  never  been 
dem.onstrated  to  occur  in  casein  and  hence  the  use  of  the  term  is  inappro- 
priate.   Thus  in  this  paper  the  term  "de stabilization"  will  be  used. 

^*    El'fect  on  Calciurg  and  Phosphate.    It  has  been  observed  frequently  that 
the  concentrations  of  dissolved  calcium  and  phosphate  in  milk  are  decreased 
by  heat  treatment  in  the  range  60-lOOOG.    Considerable  data  are  available 
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on  this  point  but  there  is  lack  of  agreement  as  to  the  extent  of  the  change. 
Variations  that  have  been  observed  may  be  explained  by  the  followir.g  facts: 
('*)"The  transfer  is  slowly  reversed  on  holding  the  mill:  after  heating.  Thus, 
the  results  will  be  influenced  by- tiir^e  elapsed  after  heating  before,  a  saraple 
of  ultrafiltrate  or  dialysate  is  prepared  for  analysis*:    (2)  Methods  of 
separating  the  phases  for  analysis  have  differed  among  workers.    (3)  Pos- 
sibly'- variations  in  the  level  of  carbon  dioxide  influence  the  effect  of  heat 
treatment  on  the  dissolved  calcium  and  phosphate.    In  spite  of  the  observed 
discrepancies,  the  fact  remains  that  calcium  and  phosphate  are  transferred 
reversibly  from  the  dissolved  to  the  colloidal  state  by -heat  treatment  in 
the  range  bO-lCO^C,    Since  the  concentration  of  calciuia  and  phosphate  in 
the  dissolved  state  decreases  upon  heating  and  they  are  not  precipitated, 
it  is  pres^jmed  that  they  become  connected  in  some  way,  perhaps  adsorbed  to 
the  colloidal  caseinate  particles.    Furthermore,  the  original  fine  struc- 
ture of  the  particles  may  be  alteredj  the  original  double  sal.t,  calciiun 
caseinate-calcium  phosphate,  m.ay  be  changed  to  a  system  comprised  of  tri- 
calcium  phosphate  adf^orbed  on  calciiom  caseinate.    There  are  no  data  on  this 
point.    However,  it  is  important  to  errphasize  that  the  mere,  fact  that  the 
level  of  dissolved  calcium  and  phosphate  tends  after  heating  to  revert  to 
the  original  value  does  not  necessarily  imply  that  the  original  conditions 
are  regained  throughout  the  system^.    The  nature  (fine  structure)  of  the 
colloidal  caseinate  particles  ma.j  have  been  chan::^ed. 

The  insolubilization  of  Ca  and  phosphate  results  in  depressing  the  concen- 
tration of  Ca  ions  in  the  milk,    iir/en  in  unheated  milk,  only  a  sm.all 
portion  (about  l/lO)  of  the  calcium  is  present  in  the  Ionised  form^.  The 
remainder  is  tied  up  T;lth  the  casein  and  also  in  dissoli  ed  coLiplexes  with 
phosphate  and  citrate.    Keat  treatment  in  the  range  60-10p^C.  decreased 
this  still  further.    Also  concentration  of  the  milk  decreases  the  calcium 
ion  concentration. 

3.    Loss  of  CO2.    liilk  as  secreted  by  the  cow  contains  about  20  mg.  of 
carbon  dr6x3Se~per  100  ml.  (or  about  lO^o  by  voluiae}.    This  gas  is  rapidly 
lost  from  milk  because  of  the  low  content  in  the  air.    Ordinary  commercial 
milk  m.ay  contain  about  half  of  the  original  carbon  dio.iide*    The  loss  of 
carbon  dioxide  from  milk  is  accelerated  by  heating  and  agitation.  It 
would  be  anticipated  that  the,  removal  of  carbon  dioxide  would  aff  ect  the 
balance  in  the  rest  of  the  system.    This  can  be  determ.ined,  uncomplicated 
by  other  effects  of  heat  treatment,  by  removing  carbon  dioxide  by  vacuum 
treatment  without  heating.    Actually  the  entire  carbonate  system  can  be 
removed  from  milk  in  this  way  vdth  a  resulting  increase  in  pH,.    It  would 
be  expected  that  the  increase  in  pH  would  be  reflected  in  a  decrease  in 
dissolved  calcim  and  phosphate  and  probably  also  in  calcium  ion  activity, 
but  this  has  never  been  demonstrated. 

U.    Effect  on  Acidity,    The  removal  of  carbon  dioxide  causes  an  increase  in 
pH  and  a  decrease  in  titratable  acidity,  as  already  pointed  out.  This 
effect  is  counteracted  upon  heat  treatm.ent' by  hydrogen  ions  liberated  by 
insolubilization  of  calcium  and. phosphate.    The  effect  is  as  though  the 
following  reaction  occurred; 

3Ca-**  -j-  2HP0^  =  - — ^  Ca3  (?0),)2  |  1:2H^ 
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In  some  cases,  these  two  opposing  factors  so  near?L3^  counterbalance  one  an- 
other that  there  is  no  net  change  in  pH»    High-teirperature  heat  treatment 
results  in  an  increase  in  acidity  as  a  result  of  the  cleavage  of  ester  P 
from  the  casein  and  alvso  in  production  of  acids  such  as  lactic  and  formic 
by  degradation  of  lactose.    The  rate  of  this  latter  reaction  is  sloiyj  up  to 
90^C«  but  increases  rapidly  as  the  temperature  is  raised.    At  lOO^C.  and 
higher  the  acid  produced  in  this  way  overshadows  any  effects  of  loss  of 
carbon  dioxide  or  precipitation  of  calcium  phosphate.    This  increase  in 
acidity,  of  course,  brings  calcium  and  phosphate  back  into  solution,  in-  ' 
creases  the  Ca**  ion  concentration,  and  decreases  the  stability  of  the 
caseinate  particles, 

5«    Effect  on  Serum  Proteins.    The  seriim  proteins  of  milk  are  denatured  by 
heat  treatments  in  the  range  60-lOOOC.,  one  principal  manifestation  of  heat 
denaturation  being  insolubility  at  pH  k*!*    Thus  in  heated  milk  these 
proteins  tend  to  precipitate  with  the  casein  when  the  latter  is  precip- 
itated by  acidification.    It  is  important  to  note  that  the  x-^hey  proteins  do 
not  precipitate  from  heated  milk  so  long  as  the  pH  is  maintained  at  the 
original  level  at  6.6.    It  is  sometimes  considered  that  possibly  the 
denatured  serum  proteins  do  not  precipitate  from  heated  milk  at  pH  6,6  be- 
cause they  interact  xd.th  and  become  attached  to  caseinate  particles  during 
heating.    This  whole  question  of  a  possible  interaction  of  certain  serum 
proteins  with  one  or  more  of  the  components  of  the  casein  mi^cture  is  being 
studied  in  several  laboratories.    It  is  not  yet  clear  x/nether  the  exten- 
sive interaction  does  occur  and,  if  it  does,  if  it  has  any  bearing  on  the 
stability  of  the  caseinate  particles.    This  is  an  area  that  is  being 
studied  and  deserves  further  study. 

Volatile  sulfides  released  from  the  serum  proteins  when  they  are  heated 
may  also  be  involved  in  de stabilization  of  the  caseinate  particles.  Nelson 
has  shox-Nin  that  hydrogen  sulfide  added  before  heat  treatment  is  a  very 
potent  destabilizer. 

6.  Sugar -Protein  Interaction.    The  "broX'ming  reaction,"  which  .occurs  when 
proteins  or  reducing  sugars  are  heated  together  in  solution  at  temperatures 
of  lOO^G.  and  and  above,  is  all  too  x-j-ell  imoxTO  in  the  evaporated  millc 
industry.    Among  other  results  of  the  broxiining  reaction  is  insolubiliaation 
of  the  protein.    It  is  not  knoxm  to  what  e^ctent,  if  any,  this  reaction  is 
involved  in  the  heat  destabilization  of  the  caseinate  of  milk,  but  it 

. definitely  needs  to  be  considered. 

7.  Stabilization  by  Forewarming.    It  is  x-rell  Icnoxm  that  a  forex-^rarming 
treatment  before  eva]poration  greatly  increases  the  stability  of  the 
evaporated  product  to  coagulation  during  sterilization.    The " mechanism  of 
this  effect  is  not  knowi  at  present.    Suggestions  have  been  made  that  fore- 
warming  exerts  its  influence  through  shifts  in  salt  equilibria  or  through 
denaturation  of  the  serum  proteins.    To  date,  optimum  forex^jarming  treat- 
ments have  been  developed  empirically  xcLthout  regard  to  the  mechanism.s 
involved.    Earlj  work  indicated  that  a  maximum  stability  was  attained  by 
forex-jarming  at  95°C.  for  10  minutes.    More  recent  xTOrk  has  demonstrated  the 
superiority  of  high-temperature  short-time  treatments  for  this  pxarpose. 
Such  treatments  even  permit  the  production  of  mi-Ik  of  32-37^  total  solids 
that  is  stable  to  sterilization. 
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HIGH-TEr-IPERATlTRE  SHORT --"t:!!^  STERILIZATION 
OF  ^^JHOLE  MILK  J^})  ^  ■  CO^rc.-ilNTPiAT^D  niUi  " 


Em^st  0.  Herreid>  IliinoiG  Agricultural  Experiment  Station 
:  ■  -  Urbana,  Illinois, 

Sterile  x-rhole  pJLlk  is  not  a  new  product.    It  has  been  prvorainent  in  En;3land 
and  continental  Europe  for.  more--  than  ..jO  years,  T-rhero.  it  la  sterildzed  in 
the  bottle  at  225  to.  230°;X-  for  about  30  Tninu-tes»    These  high  tei'frperatures 
and  long  erq^osures  cause  a  strongly  cooked  flavor  wliich^  however,  i.s  not 
objected  -to  tj  the  consuIner^-•    Sterile  milk  has  v'^erved  about  the  Sr-xiie  needs 
in  foreign  countrie_s  as  c^vrtified  milk  did  in  this  country  before  pa i-i-Geur- 
ization  was  universal J.y  adopted. 

Recently  equi-praent,  has  been  developed  for  heating  milk  in  one  to  three 
se-.'onds  to  abovrb  3C0^  and  cooling  it  rapidly  to  about  kO^  (I)  (2)  (3)«  The 
he-  -:.bing  and -cooling-- cycle  req-uires  from  5  to  12  seco-nd.v;5  dep -ending  on  the 
ty[-:.e  of  equ,ipin-'.nt^:.    The-  whol.e  milk  and  concentrated  milk  are  ean::.ed  - 
as rpticslly  and  have  -superior  fla-vor  and  color  to  the  same  milks  sterilized 
in'  the  can...   ...  . 

General  I'etliods 

The  Mallory  heater  is  being  used  in  our  research.    Tiilk  preheated  to  li4.0° 
can.-..b.9  heated  in .  .this .  unit  at  about  lOQ^/second  xjitli  a  steam  p-^' 3-5 -sure;'. of  ' 
100  tc  102  x)si*    St  earn,  pressures  of  60  to  83  p  si  were  u'-ed  wJ:e.a  rdlk  was 
sterilized  at  about  •3-C0^#    The  milk  Is.  collected -from  the  .heater.'  in"  \'' 
sterile,  iO-gr^ lion -  ^-tajniess  steel  cans  which  are  equipped  wiori  ^^janitary  ' 
fi-l-tingSc,    The  milk  is  bottled  under  virtually  aseptic  ccnaiT.iohs  in  a 
small  chamber  made  of  Incite,  x:hich  can  be  practicaj-ly  ster5.1i zed  with 
chlpr?Jio  or -Guaternary  •aininon^.wa  aerosols.  ,    These,  vapors  can. be  removed 
with  nitrogen -or  carbon  dioxide & .  The  asepsis  of  this  procedure  was  eval- 
uated by  bottling  nutrient  broth  which  had  been.  ste.r:I.l:..:..ed/;Li . the  10-gall^ 
can.    Bottling  this  medium  ha  s  .proved  usef?al ,  121  evc-Iuatln.g :  the  different 
phases  of  the  sterilization  prccod-are  as  it  Is  .n^vCO^-vHr-^-pthen  cnly  'to 
observe  the  bottles  for  turlldity  at  the  differ- ent  ^.'t.ir-age  teirperabui'es, 
thus  ,  eliminating  much  routine  bac:^^^riological  v'ork...  ,  In  steriliain.g  milk 
every  surviving- organism,  regardless-.- of  its.^source-j  beccmes.' an  impoj'tant 
statistic.    Tempei'atures  o:f  .2S0<^>  to  ,32?^  heve...be:;a  UsS.ed  in  our  work,  but 
we  have  not  been  consistently  rucoessful  in  s-5erill'j;iiig  milk  from  different 
scjirces  at  the:  lower  theoretical  range  of .  260»3,  to,.  262^. 

.,.     ..Result^ '   

Nitrogen  Tistributiony    Comparisons  with  raw  milk  revealed  an  apparent 
inci'ease  of  casein  nitrogen  of  l-O  to  $0  mg/j.OO  ml.  in  milk  . sterilized  at 
300^  and  the    noncasein  nitrogen  showed  an  ap-par-.3nt  decr-e-ic-e  of  abo'ut  35 
Fig/lOO  m^lc    Luring  storage  at  IC^  there  was  a  gradual  reT-ersion  of  casein 
and  noncasein  nitrogen  toward  values  found  in  the  raw  milk.  Reversion 


All  temperatures  in  this  paper  are  ^F* 
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occiirred  fastest  at  100^  and  slowest  at  UO^  uhsre  the  values  in  the  raw 
milk  were  not  achieved  during  four  months •    liilk  sterilized  at  280«5^ 
showed  reversion  changes^  and  there  was  also  an  increase  in  nonprotein 
nitrogen,  jjidicating  enzyme  activity. 

Phosphatase ♦    The  enzyme  phosphatase  in  milk  sterilized  at  300°  and  held  one 
week  released  0.5  gamma  of  phenol  per  ml*  of  milk  at  U0°,  lo6  gamma  at  70°, 
and  1*3  gamir.a  at  100^.    At  h  months  storage  the  values  were  2c9  gamma  at 
kO^,  Ih  gariFiia  at  70°,  and  3.7  gamma  at  100°.    Milk  sterilized  at  280.5°  and 
held  7  days  released  12«8  gamma  at  70°  and  10.1  gamma  at  100°.    Mlk  con- 
centrated 3  to  1  and  sterilized  at  305°  released  10  and  12  gamma  of  phenol 
per  ml.  of  miJ-k  after  7  days  at  70°  and  100°,  respectively.    The  enzyme  is 
reactivated,  because  tests  made  without  the  substrate  disodiujn  phenyl- 
phosphate  have  ruled  out  interfering  compounds  as  being  responsible  for  the 
positive  phosphatase  tests  of  sterile  milk.    P\irthermore,  heating  sterile 
milk  containing  reactivated  phosphatase  at  lU3°  for  10  minutes  resulted  in 
a  negative  test,  indicating  the  enzym.e  was  again  heat  labile. 

Fatty  Materials.    The  stability  of  the  fatty  materials  in  the  milks  steril- 
ized  at  250.5  and  300°  vjas  followed  during  storage  at  i;0,  70  and  100°, 
using  the  thiobarbituric  acid  and  peroxide  tests.    The  values  were  always 
highest  in  the  milks  stored  at  100°  and  lowest  at  ii0°.    There  does  not  seem 
to  be  a  close  correlation  between  these  tests  and  flavor  deterioration. 

Flavor  Effects.    The  flavor  score  of  milk  immediately  after  sterilization 
at  about  300o  was  39.    After  one  x^eek  it  was  39o,  37,  and  36,  at  1|00,  70°, 
and  100°,  respectively.    In  general,  the  flavors  changed  from  slightly 
cooked  to  stale  at  70°  and  stale  to  oxidized  at  100°.    Tne  milk  concentrated 
2  to  1  and  3  to  1  and  then  reconstituted  to  whole  milk  showed  about  the  same 
flavor  scores. 

Effects  on  Vitamins.    Ascorbic  acid  decreased  about  1$  percent  in  the  milk 
sterilized  at  300°.    After  one  week  at  I|.0°  it  had  decreased  about  kO  per- 
cent, at  70°  about  60  percent,  and  at  100°  about  80  percent.    After  two 
months  at  U0°,  the  milk  had  lost  aboiit  85  percent  of  its  ascorbic  acid  and 
it  was  practically  gone  at  70°  and  100°  stora^e^    Ascorbic  acid  disappeared 
much  sooner  in  the  concentrated  milks. 

There  was  no  significant  change  in  the  carotene  and  Vitamin  A  contents  of 
whole  milks  sterilized  at  280.5  and  300°  and  stored  three  months  at  UO,  70, 
and  10C°»    Both  were  lowered  about  10  percent  during  sterilization  in  the 
milk  concentrated  3  to '1,  but  there  were  no  important  changes  during  three 
months  at  the- three  temperatures. 

Thiamine  decreased  by  about  10  percent  during  sterilization,  but,  it  showed 
an  apparent  slight  increase  at  UO  and  70°  storage.    This  increase  was 
probably  due  to  interfering  or  fluorescent  compo-'Jinds  formed  during  storage. 

Physical  Stability.    Sterilizing  whole  milk  at  nearly  325°  resulted  in  a 
slox-j  sedimeiitation  of  mdlk  solids,  which  formed  a  gel  structure  at  the 
bottom  of  the  container.    The  sediment  was  anaj.yzed  and  contained  relative- 
ly large  amoiints  of  fat.    The  fat  concentration  in  the  sediment  was 
greatest  in  the  milk  stored  at  U0°  and  lowest  at  100°. 


The  sterilemilks  had  higher  viscosities  than  their  raw  milks,  and  the  vis- 
cosity Increased  as  the  temperature  was  raised  to  about  325°,  Tihich  was  the 
highest  tenpsrat  ire  used.    However,  the  higher  viscosity  did  not  result  in 
greater  physical  stability,  as  sedimentation  of  millc  solids  was  greatest  in 
the  milks  sterilised  at  the  higher  temperatures  and  it  was  also  greatest  at 
the  higher  storage  temperatures.    Sedlmentati.on  is  luidcubtedly  related  to 
the  viscosity  of  the  water,  phase.    The  viscosity  of  water  is  about  2*2  tim-es 
greater  at  hO^  than  at  100^.    At  hO^  water  has  four  hydrogen  bonds  per 
molecule  and  at  100*^  the  average  number  is  txro*    As  the  temperature  in- 
creases,  the  number  of  hydrogen  bonds  decreases,  and  the  energy  of  viscous 
forces  also  decreases.    This  network  of  hydrogen  bonds  accounts  for  the 
viscosity  of  water  and  some  of  its  other  properties,  and  undoubtedly  these 
same  forces  are  important  in  milk.    The  effect  of  temperature  on  the 
hydratio-n  of  the  proteins  is  also  important • 

The  temperature  of  preheating  and  of  sterilizing  concentrated  milk  (2  to  1 
and  3  to  1)  affects  sediirientation  of  the  milk,  solids  and  flotation  of  the 
fat.    Preheating  at  230^  yields  a  more  stable  product  than  it  does  at  160°, 
though  there  is  some  sedimentation  during  storage  at  70  and  100^.  I^'Iigra- 
tion  of  solids  in  the  container  during  storage  is  being  determined  by 
quickly  freezing  the  cans  in  a  dry  ice-acetone  mixtr-re  and  then  cutting 
the  contents  horizontally  in  sections  which  are  analyzed  for  fat  and  total 
solids.    It  is  planned  to  m.ake  anal^rges  also  of  other  constituents. 

After  about  30  days  storage  at  100*-^,  gel  formation  was  obrerved  in  the 
milk  concentrated  3  to  1  and  after  two  m.onths  it  was  obserTed  in  the  millc 
held  at  ICP;  while  the  milk  stored  at  hO^  had  increased  in  viscosity, 
there  was  no  gelation  after  four  m.onths. 

General  Discussion.    It  is  believed  that  studies  of  the  effects  of  neat  on 
simplified  systems  of  the  whey  proteins  and  of  casein  and  the  effects  of 
calcium,  potassi^om,  and  phosphate  ions  on  the  stability  of  these  systems 
will  yield  useful  informiaticn  in  finding  the  optimum  preheating  and 
sterilizing  temperatures.    In  a  somewhat  analogous  phenomenon,  biologists 
have  found  that  the  cell  wall  consists  of  protein  and  phospholipid  micelles 
containing  m.ore  calcium  than  potassium.    Within  the  cell  there  is  less 
calcium  and  m.ore  potassium,  which  tends  to  disperse  proteins.    And  calcium 
ions  favor  gelation  of  freshly  cut  surfaces  of  protoplasm  while  an  excess 
of  potassium  ions  hinders  it. .  Thg"  heat-induced  gelation  of  sterilized  milk 
may  be  due  to  an  unbalanced  protein-cation  system.    Considerable  research 
has  been  reported  for  the  effects  of  heat  on  calcium  in  milk,  but  potassium 
has  been  neglected,  even  though  it  is  present  in  mJ_lk  in  a  higher  m.olar 
concentration  than  any  of  the  other  mineral  cations. 

It  can  be  predicted  that  heat  sterilization  of  milk  will  be  used  for  at 
least  another  decade  and  probably  longer,  because  sterilization  x^rith 
ionizing  radiations  has  proved  impractical  due  to  effects  on  flavor  and 
food  value  and  prohibitive  costs.    It  has  been  shoTm  in  pilot  operations 
that  high-temperature  short-tim.e  sterilization  of  whole  milk  and  concen- 
trated milk  and-  aseptic  bottling  results  in  acceptable  palatability  and 
food  value.    Furthermore,  palatability  can  be  m.aintained  for  I;  to  6 
months  at  U0°  storage  and  undoubtedl3?'  longer  at  32^.    Storage  at  close 
to  32^  is  the  best  practical  means  of  maintaining  palatable  keeping 


quality  and  phj^sical  stabi3.ity  of  these  sterile  liquid  milic  prodiacts.  At 
lower  temperatures  of  -1$  to  -20°  they  becone  destabilized  T^ith  separation 
of  solids  xfhon  Tjarmed  to  about  uO°« 

References 

(1)  Brown,  A.  H.,  Lazar,  M.  E. ,  Wasserman,  T.,  Smith,  G.  S* ,  and  Cole, 

M,  ¥•    Rapid  Heat  Processing  of  Fluid  Foods  by  Steam  Injection.  Ind. 
Eng.  Ghem",,  [[3 :2949-i>'U  (I95l).  ; 

(2)  Herreid,  E.  0*,  Shahani,  K.  M.,  Dupu^-,  C.  J.,  and  Tracy,  ?•  H. 
The  Effect  of  Heating  Cream  in  a  Small-Tube  Heat  Exchanger  on  Some  of 
Its  Properties*    J.  Dairy  Sci,,  35:13-20  (1952). 

(3)  Ursina,  A.  G. ,  Improvements  Relating  to  the  Sterilization  of  Liquid 
Foodstuffs  and  Beverages.    Patent  Si^ec.  67l-t-695«    Patent  Applic, 
June  27,  1950.    Publ.  The  Patent  Office,  25  Southampton  31dg., 
London,  IJ.  G.  2.  1952. 

Discussion  ' 

Question  1*    Are  the  whey  proteins  important  in  emulsifi cation  despite 
denaturation  of  the  proteins? 

Yes,  it  2Lppear3  that  the  whey  proteirxs  effect''  the  stability..'-  of  milk» 
Of  the  temperatures  of  preheating  viced  in  c  r  ezperlmients,  180^  is 
superior  to.lUO^  and  230°  is  superior  to  1:0°.    However,  the  effect 
of  heat  on  the  jjiteraction  of  the  diic'ferei't  ..rotein  systems  in  milk 
also  may  be  important. 

Question  2.    vJliat  system,  of  scoring,  x-:as  used  by  the  taste  panel?  "  | 

The  Araerican  Dairy  Science  system  of  scoring  was  used.    A  perfect  score 
is         and  a  score  of  kOAi^  is  not  criticized,  although  scores  over  hO 
are  seldom  given. 

Question  3«    How  long  were  the  railks  held  at  300°?  ^ 

In  some  experiments  the  holding  tirr^e  was  2.5  to  3  seconds,  and'  in  some 
it  was  1  to  1.5  seconds,  and  at  higher  temperatures  it  was  less  than 
0.1  second. 

Question        TJlien  were  the  storage  sainples  checked  for  sterility? 

In  general,  they  were  plated  hir  the  standard  plate  count  method  at 
weekly  inter\''als  for  the  first  month  and  at  monthly  intervals  for  the 
next  five  months.    Storage  at  100°  has  proved,  to  be  the  most  practical 
criterion  for  sterility.         .  r  :  • 

Question  5.    What  strength  chlorjne  was  used  in  sterilizing  the  bottling 
chaivber?  '  ; 

We  used  15-20'  ml.^-  of  solution  containin^;,  about  500  ppm  of  chlorine* 
The  vaDor  is  flushed  out  with  nitro.':'en  gas. 
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Question  6.,    What  Lcind  of  stale  flavors  were  observed  in  whole  milk — were 
they  the  same  as  in  the  concentrated  L:ilk7 

In  general,  the  flavors  were  what  might  ambiguously  be  called  stale  in 
both  the  whole  and  concentrated  Liilk. 

Question  7»  yo'u.  test  for  catalase? 

IJo.    The  literature  indicates  that  catalase  may  be  completely  inacti- 
vated at  sterilization  temperatures.    Hovrever,  a  proteolyte  enzyme 
may  not  be  completely  inactivated. 

Question  8.     Is  there  reversion  of  the  proteins  after  sterilisation  at  282 

Yes,  there  is, 

Question  9.    Have  you  made  observations  on  destruction  of  lipase? 
Yes.     It  is  Inactivated  during  sterilization, 

•o 

Question  10.    v/as  the  oxidised  flavor  which  developed  at  100    observed  on 
whole  milk  or  3~to-l  concentrate? 

It  was  found  in  whole  milk,  but  not  in  the  concentrate. 

Q;uestion  11,    Don*t  you  believe  stale  vrhen  used  to  describe  flavor  is  so 
vague  and  meaningless  as  to  connote  nothing? 

Specifically,  you  are  right.    Dr.  R,  li.  V/hitney,  in  our  departm.ent ,  is 
studying  the  chemical  compounds  responsible  for  the  so-called  stale  flavor. 

Q;aestion  12.     Is  there  a  decrease  in  the  cooked  flavor  in  milk  held  at  low 
temperatures  ? 

Yes,  but  a  heated  flavor  is  always  present. 

Q^estion  13.    Did  you  observe  any  graininess? 

Yes,  when  the  milks  were  sterilized  at  315  -325  . 

Question  1^,     If  you  objectively  consider  the  sterilization  of  milk  for 

beverage  purposes,  there  are  certain  flavor  defects.    Are  you  optimistic 
regarding  development  of  concentrated  sterile  milk  for  beverage  purDOses, 
especially  in  regard  to  flavor  deterioration;  can  you  see  any  hope? 

Yes,  using  high-temperature  short-time  sterilization  and  aseptic  can- 
ning,  I  believe  it  is  possible  to  produce  a  milk  with  acceptable 
palatability,  provided  it  is  stored  at  low  temperatures. 


Question  l5.    In  your  home,  do  you  drink  this  milk  or  fresh  milk? 

Sterile  milk  has  been  used  in  our  home  aiid  has  not  been  recognized  as 
being  different  from  regular  pasteurized  milk*    Other  limited  trials 
have  2rie3.ded  similar  results.    Kouever,  the  majority  of  students  in 
our  market  milk  classes  have  preferred  regi:lar  pasteurized  milk  over 
sterile  niillc^ 


DEVEICPMSNT  OF  MARKET  I-GLK  CQNCEJTRATES  IN  ICMk 

by 

C.  A,  Iverson,  Iowa  State  College 
Ames,  loTja 

(Sumraar;^-) 

The  rural  m.arketing  of  fresh  concentrated  milk  on  a  coTiinercial  scale  uas 
initiated  by  the  Dairy  Industry  Department  at  Iowa  State  College  in  July, 
1951.    Five  delivery  routes  x^rere  established  in  the  r^ural  areas  around  the 
College o    The  concentrate  was  sold  to  a  vendor  who  delivered  it  to  r^oral 
customers  on  a  one -deli very-per -week  basis.    Additional  dairy  products 
handled  included  ice  cream,  butter,  and  cheese »    Soon  after  the  process  was 
perfected  and  put  into  qoaration.  Prairie  Farr.s  Cr'^,amery  in  Central 
Illinois  (Henry  County)  added  the  nex^r  product  to  existing  county  cream 
pick-up  routes  and  ice  cream  delivery  routes* 

The  Present  Processing  Method;    This  is  based  on  the  results  of  work  on 
fresh  concentrated  milk  at  Iowa  State  College  which  may  be  summarised  as 
f  olloxvs : 

1.    High  quality  milk  must  be  used  to  prepare  this  product. 

2*    A  pre-heating  or  pasteurizing  treatment  is  necessary  prior  to  con- 
densing, 

3»    Experience  with  the  single  stage  honogenizer  indicates  that  the 
product  must  be  homogenized  both  before  and  after  condensing  to 
prevent  a  cream,  layer  formation  after  storage  for  7  to  10  days. 
However,  one  homogenization  might  suffice  when  other  t^'pes  of 
homogenisers  are  used. 

U.    An  acceptable  product  can  be  produced  by  condensing  at  the  usual 
vacuura  pan  temperatm^es  of  125*^  to  13$°  F.    Ho^iever,  condensing  at 
these  temperatures  "IaC-II  produce  varying  degrees  of  a  flavor  which 
has  been  called  "harsh  cooked"  and  "stale."    This  flavor  ccji  be 
changed  to  a  pleasing  mellow-cooked,  rich  flavor  by  pasteiirizing 
at  180°E.  for  I6  seconds  before  and  after  concentration. 

5.    Eost  people  agree  that  the  reconstituted  product  has  a  fresh  m.ilk 
flavor  and  is  relativeljy'-  free  from  vcl:itile  feed  and  grass  flavors. 
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6,    Expex*ience  has  showi  that  any  major  deviation  in  the  processing  pro- 
cedure will  be  reflected  in  the  flavor  score  of  the  finished  product. 

7»    The  relatively  good  keeping  quality  of  the  product  is  attributable 
to  pasteurisation  at  high  temperatures^  double  pasteurization  and 
low  holding  teiTperat^ires.    The  concentration  of  millc  solids  is  not 
sufficient  to  inhibit  bacterial  growth  and  the  vacuum  treatment  is 
without  demonstrable  effect  on  the  bacterial  population  during 
storage • 

The  following  procedure  is  the  present  recommended  method: 

1.    Clarify  and  standardize  Grade  A  milk  to  3*'J>  percent  butterfat* 
2*    Pasteurize  at  l80^F.  for  l6  seconds. 

3.    Homogenize  the  mdlk  at  2$00  pounds  pressure  and  cool  to  125-130^F, 

lu    Condense  to  slightly  over  3:1  concentration  in  a  stainless  steel 
vacuum  pan* 

Pasteurize  the  concentrate  at  180^F.  for  20-25  seconds  and  cool  to 

6#    Add  pasteurized  water  to  reduce  the  concentrate  to  exactly  10#5 
percent  butterfat* 

Keeping  Quality;    Samples  were  stored  at  35°,  Ii-O^-  a:id  JC^F,  for  periods  up 
to  30  days,    A  few  samples  were  held  at  1Q^¥\,  but  both  the  concentrate 
and  the  reconstituted  product  became  unusable  so  quiclcly  that  holciing  at 
this  temperature  was  discontinued. 

Host  of  the  samples  stored  at  35^F.  remained  satisfactoi'y  in  both  flavor  and 
bacterial  count  over  a  30-day  period* 

TJith  the  sample  held  at  hO^F*  the  total  count  ustiaU-y  increased  slowly  for 
about  the  first  two  weeks  and  the  concentrate  became  unsatisfactory''  from 
both  organoleptic  and  bacteriological  standjjoints  some  tirae  between  the 
fifteenth  and  tlie  twentieth  days  of  holding.    These  results  would  indicate 
good  keeping  quality  under  home  storage  conditions* 

Storage  at  50°F.  decreased  the  keeping  quality  of  the  product  very  markedly. 
The  usual  sample  remained  low  in  count  for  two  days  at  this  tem.perature, 
■vut  considerable  growth  was  evident  by  four  days  and  the  counts  became  ver;^^ 
high,  and  objectionable  flavors  developed  soon  after  four  days  at  50^F. 

Costs  of  Processing  Fresh  Concentrated  Milks    Costs  of  production  consist 
of  fixed  and  variable  costs*.    Fixed  costs  are  those  which  do  not  change  as 
output  changes o    For  example,  if  a  man  had  (:)10,000  invested  in  equipment 
and  decided  to  run  his  plant  2k  hours  a  day  instea.d  of  10  hours  a  day,  it 
might  be  assumed  the  new  schedule  would  not  require  additional  processing 
equipment.    Therefore,  equipment  costs  would  be  fi:;ed  and  xjould  not  in- 
crease vrith  the  increase  in  output  resulting  from  longer  hours  ox 
production. 
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The  added  costs  of  increasing  his  schedule  to  2h  hours  would  be  called 
variable  costs.    These  costs  include  expenses  for  more  hired  help^  nore  raw 
natarials,  none^  spent  for  more  milk  containers  and  such  costs  that  do  vary 
with  the  rate  of  output. 

In  attempting  to  estimate  the  costs  of  processing  fresh  concentrated  milk, 
four  different  cases  i^sere  considered:  ">  ■-  - 

Case  1  -  A  complete  processing  plant  x^^rhere  only  fresli  concentrated  millc  is 
produced. 

Case  2  -  Adding  the  necessar^r  equipment  required  to  process  fresh  concen- 
trated milk  to  an  existing  Grade  A  processing  plant. 

Case  3  -  Adding  the  necessary  equipment,  to  process  fresh  concentrated  mill: 
to  an  existing  manufacturing  plant. 

Case  h  -  Processing  fresh  concentrated  rdllc  with  all  the  required  facil- 
ities available. 

In. each  of  these  cases,  costs  were  calculated  at  nine  different  levels  of 
output.    The  following  figures  are  selected  from  these  calculations  and 
show  costs  at  only  the  two  extreme  levels  considered,  namely,  750  and 
15,000  quarts  of  fresh  concentrated  rdll-:  per  ■jeek,  .Seven  hundred  and  fifty 
quarts  of  concentrate  represents  one  sales  route  xvhere  the  product  is 
delivered  daily,  five  days  a.  T-jeek. 

Costs 


Sales  Per 

Week 
((Xiarts) 

Fixed  Cost 
Per  Ouart  of 
Concentrate 

Variable  Cost 
■  Per  Quart  of 
Concentrate 

Average  Total 
Cost  Per  Quart 
of  Concentrate 

Case  1 

750 

'  §0.6393  ;  : 

8<3.1930'\ 

...  .  $0.3322 

15,000 

.  0.0320 

0.093? 

_    •  0.1258 

Case  2 

750  • 

0,0579 

,    0.1930  ■ 

0.2508 

.  x5>ooo'-  ; 

0.0029 

0.0933 

■.  0.096? 

Case  3 

.  .  •  750 

•  ■  ■  0.3161 

^.  .  ..0.1323 

O.U989 

15,000.  -.. 

■  0.0158 

0.0376 

0.103U 

In  'Case 
cessing 

h, 

CO 

for  a  plant 
sts  for  -produc 

'ith  all  the  necessary  facilities 
ing  fresh  concentrated  milk  are: 

available,  pro- 
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Case  h  - 


Nature  of  Cost  Average  Cost  Per  Quart 

At  Any  Output  Level 


Marginal  evaporating  $0.0036 

Marginal  processing  and  packaging  0»OU86 

Plant  loss^  0.0189 

Total  cost  of  processing  $0.0711 

Total  cost  of  processing  without  considering  dumping 

cost  0«06lU 

Estimated  cost  of  transportation^  0.0210 
Cost  of  processing  fresh  concentrate  assuming  custom 

evaporation  and  bulk  tank  rural  collection  0.082lt 


^Plant  loss  calculated  at  6  percent  of  the  raw  milk  dumped.  The  milk  is 
priced  at  the  Iowa  State  College  Class  I  price  for  1953  -  3a.60  cwt. 

^Cost  of  transportation  of  milk  for  20  m-iles  within  the  municipality  as 
estimated  by  a  local  trucker. 


Delivery- costs  for  a  single  route  were  found  to  be  about  10.9  cents  per 
quart  of  concentrate  or  about  twice  the  cost  of  m-'ban  delivery. 

The  processing  and  delivery  costs  are  such  that  a  plant  probably  should 
have  Grade  A  processing  facilities  available  in  order  to  have  costs  low 
enough  to  enable  it  to  meet  competition  successfully.    Thus,  a  firm  con- 
sidering the  rural  marketing  of  fresh  concentrate  should  have  a  situation 
similar  to  Case  2  or  Case  h  if  it  vjishes  to  meet  the  price  competition  of 
regiAlar  milk.    If  a  processing  plant  were  of  th^e  type  in  Case  hy  fresh 
concentrate  could  be  delivered  to  rural  consur.iers  at  a  minimum  cost  of 
about  ten  cents  per  quart  of  concentrate  below  the  cost  of  the  same  amount 
of  regular  milk.    Under  these  conditions  it  is  possible  to  process  and- 
deliver  fresh  concentrated  milk  at  a  profit. 

Opinions ;    In  an  attempt  to  gauge  consumer  reaction  to  fresh  concentrate 
a  survey  was  conducted  in  the  Central  Iowa  market.    Of  the  persons  living 
on  farms,  the  opinions  e:>cpressed  (in  percentage  of  persons  surveyed)  were 
as  follows:    No  comraentj  none;  good,  2$m7%;  very  good,  35*3 J  excellent, 
1$*0'}  better  than  other  milk,  3®6|  good  keeping  quality  l^^Bj  convenience, 
2.U5  can't  tell  difference,  1.8 3  can  use  as  both  cream  and  mdlk,  1.2 j 
adverse  comments,  10.2. 


The  sale  of  fresh  milk  concentrate  has  been  increasing  steadily  since  its 
introduction  in  19$1«    In  the  near  future  it  is  planned  to  start  another 
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route,  with  delivery  ever;^-  other  week,  to  market  frozen  milk  concentrate 
(kept  at  -20OF. ). 

Following  the  talk  Dr.  Iverson  reconstituted  samples  of  the  concentrated 
milk,  wliich  were  tasted  by  a  number  of  those  present.  There  was  general 
agreement  that  the  reconstituted  milk  was  an  excellent  product. 


TI-IE  CHE?SSTRY  OF  FLAVOR  ClilNGLS  IN  I-gLK 

by 

Stuart  Patton,  Pennsylvania  Agricultural  Experiment  Station 

University  Park,  Penns3;lvania 

The  flavor  of  concentrated  milks  is  an  important  consideration*  Although 
the  point  needs  little  erophasis  before  this  group,  one  should  note  that 
careful  manufacture,  attractive  packagi.ng,  nutritional  meritr  and  conven- 
ience of  use  are  lost  causes  in  a  iru^lk  product  with  unacceptable  flavor. 
Indeed,  our  success  with  concentrated  milks  appears  to  hinge  on  flavor  as 
much  as  on  any  other  single  factor. 

Freshly  processed  mi?_k  ordinarily  enjoys  a  hieh  degree  of  flavor  accept- 
ability but  as  it  is  manufc.ct--ired  into  drisci,  coT'oentrated  or  sterilized 
products,  and  as  these  products  undergo  storc.ge,  the  riotei'.t  chemical  effects 
of  such  agents  as  heat,  light,  oxygen,  trace  "..etals,  ncisture,  enzymies,  and 
microorganisms  make  themselves  felt.    As  a  rocult  of  the  extreme  complex- 
ity of  milk  and  its  sensitivity  to  these  agents,  a  very  large  variety  of 
off -flavors  can  be  produced.    These  flavors  ordinarily  result  from  un- 
believably minute  degrees  of  chemical  change  and  to  elaborate  such  matters 
presents  quite  a  research  challenge. 

Basically  there  are  three  significant  aspects  to  any  off -flavor.    These  are: 
1.  its  chemical  identity,  2.  its  specific  origin,  and  3»  its  m>ode  of 
formation.    Of  these  t'nree,  the  logical  point  of  first  attack  is  identifica- 
tion of  the  flavor  compound.    Information  on  identity  suggests  logical 
origins  which  can  be  determined  through  e:^q3erimentation  T-jith  simplified 
systems.    Nith  origin  and  end  product  established,  elaboration  of  the 
reaction  m.echanism  is  facilitated  and  frequently  is  self  evident.  The 
appropriateness  of  a  proposed  mechanism  of  course  can  be  tested  exper- 
imentall^r,    loiowledge  of  the  three  mentioned  aspects  in  off -flavor  develop- 
m.ent  can  be  very  helpful  in  devising  practical  preventive  measures. 

During  recent  years  sever a  1  investigations  on  flavor  prcblem.s  in  the  dair^r 
field  have  contributed  significant  advances  to  our  knowledge.    One  of  the 
most  important  off -flavors  encountered  in  dairy  products  is  that  tenned 
oxidized.    In  accord  in/oh  its  imiportance,  no  other  off -flavor  has  received 
such  extensive  investigation,  and  it  is  hard  to  conceive  how  any  otner  off- 
flavor  coi-Q-d  be  so  involved.    At  the  moment  the  specific  origin  of  this 
flavor  is  unl^ox^m. 

A  wealth  of  evidence  has  teen  presented  to  i:idicate  that  the  phospholipids 
of  milk  are  the  source  of  the  flavor.    On  the  other  hand,  a  rather 


convincing  case  can  be  :nade  for  railk  fat  as  an  origin.    It  is  IcnoT-m  that 
oxygen,  ascorbic  acid,  certain  trace  metals,  the  milk  proteins,  and  natural 
antioxidants  of  the  milk  as  well  as  lipid  material  are  directly  involved  in 
the  flavor  mechanisr.i.    Current  loiowledge  of  lipid  oxidation  in  general  has 
relegated  the  flavor  substances  to  a  vague  category  known  as  secondary 
oxidation  products,    Ho'jever,  as  far  as  milk  lipid  oxidation  is  concerned, 
light  is  beginning  to  sliine  on  the  identity  of  the  i'lavor  compounds.  Those 
responsible  for  oxidized  flavor  in  skim  milk  recently  have  been  identified 
as  a  group  of  unsaturated  aldehydes.    The  normal  alk-yl  2-enals  containing 
h  to  11  carbons  inclusive,  as  well  as  several  dienals,  have  been  Implicated 
in  the  flavor.    Pertinent  form.ulas  are  presented  under  equation  1"".'  It  is 
notable  that  certain  of  these  compounds  are  detectable  in  milk  at  levels  of 
the  order  of  parts  per  billion.    A^nong  the  compounds  identified,  2-octenal 
and  2-nonenal  were  observed  to  eidiibit  the  flavor  most  t^'pically. 

This  work  oj  Forss  and  associates  of  Australia  is  in  oui"  opinion  a  classic 
accomp^lishment.    However,  it  does  not  answer  all  of  the  questions  that  are 
posed  regarding  oxidized  ..flavor.    One  obviously  wonders  how  such  a  complete 
homologous  series  of  unsat-orated  aldeh^^es  is  formed  and  --Thence  it  comes. 
Moreover,  the  Australian  workers  do  not  claim  that  this  is  a  complete 
ider4tificaticn  of  the  flavor  but  rather  that  it  is  one  aspect  whJ-ch  seems 
to  be  characteristic  of  the  skim  milk  phase o    Several  otner  investigations, 
including  work  done  at  the  Maryland  Station,  point  to  unsat-'urated  aldehydes 
with  do_uble  bonds  not  conjugated  with  the  carbonyl  as  inpcrtant  contrib- 
utors to  oxidized  flavor. 

IJhile  this  progress  regarding  the  knowledge  of  o::idized  flavor  is  of  basic 
importance  and  promises  to  yield  better  means  of  controlling  the  defect, 
it  m.ust.be  remembered  that  effective  antioxygenic  measvjres  such  as  sulf- 
hydrj'*!  activation,  addition  of  antioxidants  (x-jhere  permitted),  vacuum  and 
inert  gas  paclcing,  and  the  avoidance  of  copper  and  iron  contamination,  are 
available  to  us  In  the  processing  of  milk  products.    Despite  these 
measures  we  still  have  flavor  problems,  some  of  Tjhich  apparently  are  non- 
oxidative  in  nature. 

In  19u3,  -  English  workers  observed  a  characteriv'rtic  "butter-toffee"  flavor 
associated  T-.dth  the  fat  phase  during  the  storage  deterioration  of  dry 
whole  m.ill:.    These  investigators  suggested  that  this  flavor  defect  mdght 
be  independent  of  oxj^gen  because  it  was  not  prevented  by  the  lowest  oxygen 
levels  employed  in  their  experim.ents.    Since  this  earlier  work  there  has 
been  a  considerable  number  of  investigations  which  have  revealed  a  flavor 
defect  that  originates  in  milk  fat  and  which  is  not  prevented  .by  anti- 
oxygenic measures.    For  obvious  reasons,  the  defect  has  been  termed 
"coconut -like"  by  various  workers.    This  off -flavor  is  loiOT-jn  to  develop 
spontaneously  in  the  following  dairy  products  when  they  are  stored  at 
room  temperature;    dry  whole  milk,  dried  cream,  dried  ice  cream  nix,  butter- 
oil  or  anh^^drous  mlilz  fat,  ei^apcrated  milk,  and  sterilized  milks  and  creams. 
From  this  it  seems  clear  that  the  off -flavor  is  of  basic  importance.  In- 
evitably the  flavor  will  develop  in  these  products  and,  as  a  consequence, 
there  will  be  little  difficulty  in  distinguishing  them  from  their  fresh 


Equations  referred  to  are  listed  at  the  end  of  this  paper. 
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fluid  counterparts.    Elevated  temperatures  are  knox'ra  to  promote  and  cold 
storage  to  prevent  formation  of  the  defect. 

Recently,  ;::F-decalactone  has  been  identified  as  the  responsible  flavor  com- 
pound.   The  question  arises  as  to  the  origin  of  the  "coconut-like"  off- 
flavor.    As  raentioned,  it  originates  in  the  riil3-k  fat,  and  more  specifically 
in  the  loT-r-melting  portion.    It  is  IcnoT'Tn  that  unsaturated  fatty  acids  with 
the  double  bond  in  a  conducive  position  vjill  rearrange  to  lactones.  Eaua- 
tion  2  illustrates  how  U-decenoic  acid  Tjould  rearrange  to <$-decalactone. 
Itllk  fat  contains  trace  quantities  of  the  terminally  unsaturated  9-decenoic 
acid.    Sytithesis  of  this  acid  and  study  of  its  tendency  to  rearrange  to  a 
lactone  have  indicated  that  it  is  not  a  plausible  precursor  of  ^t^-decalactone 
in  milk  fat.    There  is,  of  course,  the  possibility  that  traces  of  other 
10-carbon  acids  occur  in  milk  fat  and  that  one  of  these  may  serve  as  the 
origin  of  the  lactone.    We  need  to  know  what  the  specific  source  of  this 
lactone  is,  whether  the  amount  of  the  precursor  varies  from  milk  to  milk 
and  whether  it  would  be  possible  to  produce  a  milk  free  of  the  precursor. 
In  our  opinion,  this  research  is  tantamount  to  improving  a  number  of  the 
concentrated  milk  products,  and  dry  whole  milk  in  particular. 

Another  pertinent  consideration  with  reference  to  off-flavors  in  milk  con- 
cerns light.    Recent  work  at  the  Connecticut  Station  has  indicated  that 
light  from  ordinary  illuminating  bulbs  can  have  an  adverse  effect  on  the 
flavor  of  milk.    It  is  well  known  that  daylight,  and  particularly  bright 
sunlight;,  produces  potent  off -flavors  in  mi-lkv    Work  in  our  own  laboratory 
has  revealed  that  nonfat  dry  mdlk  solids  and  cottare  cheese  when  packed  in 
glass  jars  develop  the  sunlight  flavor  defect.    Interestingly  enough,  it  is 
only  a  very  thin  layer  of  product  next  to  the  glass  wliich  exhdbits  the  off- 
flavor.    The  u.se  of  large  labels  completely  circling  the  container  has  been 
found  effective  in  preventing  the  off -flavor. 

Actually  little  consideration  is  given  to  the  role  wh3.ch  light  may  play  on 
milk  quality.  Colorless  glass  containers  are  still  widely  employed.  Glass 
and  plastic  pipes  are  coming  into  vjider  use  in  both  barns  and  plants 3  sur- 
face coolers  sometimes  stand  open  with  milk  flowing  in  a  thin  film  exposed 
to  daylight^  deliverer  trucks  are  far  from  lightproof^  and  bottled  milk  may 
stand  for  hours  in  lighted  coders  and  on  sunlit  doorsteps.  Perhaps  this 
matter  deserves  greater  attention. 

A  primary  cause  of  sunlight  flavor  is  the  compound  methional,  shich  is 
formed  x-^hoto  catalytic  ally  from  the  amiino  acid  methionine  in  the  presence 
of  riboflavin.    The  essence  of  this  reaction  is  presented  in  equation  3* 
Methional  is  indeed  a  disagreeable-smelling  substance.    It  can  be  detected 
readily  in  mdlk  at  a  level  of  one  part  in  20  million. 

Another  off -flavor  problemx  on  whdch  significant  progress  has  been  made  is 
that  term.ed  "malty."  The  flavor  compound  has  been  identified  as  isovaler- 
aldehyde,  which  is  produced  when  certain  species  of  strepvococci  act  on  the 
amino  acid,  leucine.    i€-lk  proteins  contain  approximately  10  percent  of  this 
amino  acid.    The  essence  of  the  off -flavor  mechanism  is  presented  in  equa- 
tion h*    Organoleptic  tests  have  revealed  that  as  little  as  0.5  part  per 
million  of  isovaleraldehyde  added  to  milk  will  closely  simulate  the  char- 
acteristic malty  flavor  and  aroma. 


In  this  atomic  age,  interest  is  turning  to^jard  the  application  of  ionizing 
radiations  to  the  processing  of  foods,    l^lk  has  not  been  overlooked  in  this 
connection;  and  what  has  been  encountered  at  the  outset?    Ionizing  radiations 
produce  off -flavors  in  millc.    It  has  been  our  privilege  to  participate  in 
the  Q,M,F»C«I«  research  program  on  radiation  sterilization  of  foods.  We 
have  had  the  opportunity  to  evaluate  flavor  of  milks  subjected  to  gamma 
radiations  at  energy  levels  in  and  above  the  sterilizing  ranges    There  is 
no  doubt  that  off -flavors  are  produced  under  these  conditions;  however,  the 
degree  of  off -flavor  in  the  case  of  skim  milk  is  surprisingly  small^  in  our 
opinion.    When  one  considers  that  the  engineering  of  equipment  for  treat- 
ing foods  with  ionizing  radiations  has  hardly  begun  and  that  energy  levels 
short  of  sterilization  (i.e.,  for  pasteiirization  and  protraction  of  keep- 
ing quality  in  fluid  milk)  may  be  of  great  eventual  importance,  it  seems 
highly  probable  that  ionizing  radiations  will  have  their  place  in  the 
future  of  the  dairy  industry'-.    In  any  event,  we  should  make  it  a  point  to 
get  the  facts  in  this  area,  for  the  food  industry,  which  uses  many  of  our 
products  as  ingredients  in  processed  foods,  will  probably  find  numerous 
applications  for  ionizing  radiations. 

One  of  the  mare  important  chemical  changes  which  may  occur  in  foods  sub- 
jected to  ionizing  radiations  involves  the  conversion  of  amino  acids  to 
aldehydes  of  one  less  carbon  as  sho-^jn  in  equation  5«    This  reaction  also 
is  brought  about  by  heat  in  the  presence  of  certain  dicarbonyl  compounds 
(equation  6).    Sugar  and  sugar  degradation  produc-'^s,.  which  normally  are 
present  in  most  foods,  qualify  as  suitable  dicarbcnyls.    Thus  in  all,  there 
are  four  different  mechanisms,  as  given  in  equaticns  3  through  6,  by  which 
the  20  or  so  naturally  occurring  amine  acids  .nay  be  converted  to  flavorful 
aldehjTdes.    These  mechanisms  involve  bacteria,  light,  ionizing  radiations, 
and  heat;  all  important  considerations  in  food  processing.    We  feel  that 
this  basic  reaction  is  of  ividespread  importance  i:i  the  flavor  of  foods. 

Flavor  and  off -flavor  identification  appears  to  be  a  rapidly  developing 
field  of  research.    The  newer  techniques  and  instruments  now  available  to 
the  scientist  permit  microscale  resolution  of  mi:vtr.res  and  identification 
of  the  resulting  pure  compoimds.    Several  new  tools  have  played  a  very 
significant  role  in  the  work  which  has  just  been  discussed.    The  versatil- 
ity of  chromatography  makes  it  as  close  to  indispensable  as  any  tool  can 
be  in  flavor  identification.    It  supplies  at  once  data  useful  in  both 
isolation  and  identification.    Moreover,  it  fulfills  the  need  for  methods 
operative  on  a  microscale.    In  connection  v-jith  cliromatography,  special 
m.ention  should  be  made  of  the  increased  value  to  flavor  research  of  2,U- 
dinitrophenylhydrazine  derivatives,  although  use  of  the  reagent  is 
primiarily  confined  to  carbonyl  compounds  which  are  rather  frequently  in- 
volved in  flavor.    As  crystalline  derivatives,  the  2,U-dinitrophenyl- 
hydrazones  (DIIPs)  are  particularly  valuable  for  identification  purposes 
because  of  their  ease  of  preparation,  purification,  and  vride  range  of 
melting  points.    The  spectral  properties,  both  infrared  and  ultraviolet, 
and  chromatographic  behavior  with  both  column  and  paper  techniques  have 
rendered  these  hydrazones  even  more  useful.    As  a  case  in  point,  data  we 
have  obtained,  as  well  as  those  by  others,  reveal  the  ease  with  which  var- 
ious lower  molecular  weight  carbonyl  compounds  can  be  separated  as  DI^IPs  on 
paper.    Cutting  the  spots  from  such  chronatograms  and  heating  them  T^jith 
levulinic  or  other  suitable  carbonyl  acids  frequently  will  regenerate  the 
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parent  coirpounds  sufficiently  to  enable  their  prestmptive  identification  by- 
odor. .  Recent  work  at  the  Mar^/land  Station  has  shox-m  that  DNPs,  in  most 
instances,  can  be  quantitatively  decomposed  to  the  parent  carbonyl  by  heat- 
ing with  an  excess  of  levulinic  acid« 

It  seems  appropriate  here  to  mention  our  enthusiasm  for  infrared  spectral 
data  as  ah  aid  in  identification  work.    The  complete  coinciderice  or  siiper- 
imposability  of  infrared  spectra  for  a  known  and  an  unknown  compounds  in 
the  2-to-l$"micron  region  is  genera^-ly  considered  excellent  evidence  that 
the  two  compounds  are  identical.    The  advantage  of  this'  application  to 
flavor  research  lies  in  the  fact  that  a;s  little  as  one  mg.-  of  pure  compound 
will  ordinarily  yield  a  satisfactory  spectrum,  that  the  spectrum  furnishes 
evidence  regarding  functional  groups,  and  that  the  compound  is  available 
for  further  tests  and  observations  follomng  spectral  analysis.    Within  the 
past  year  or  so  infrared  spectral  data  have  figured  prominently  in  the 
solution  of  two  flavor  identification  prolpleras  in  our  laboratory. 

It  has  been  mentioned  that  information  on  off -flavor  origin,  mechanism  of 
formation,  and  identity  can  be  helpful  in  practical  prevention.    Let  tis 
consider  for  the  moment  a  hypothetical  case.  One  can  expect  that  mi3Jks  with 
relatively  high  free  amino  acid  content  mil  make  products  which  are 
susceptible  to  off -flavors  produced  by  heat,  light,  and  storage.  For 
example,  as  little  as  U  p«p#m.  of  added  methionine  mJll  greatly  increase 
the  susceptibility  of  milk  to  sunlight  flavor.    The  question  then  may  be 
raised,  "How  does  one  obtain  milk  of  loxj  free  amino  acid  content?"  The 
logical  answer  is  through  careful  selection  and  proper  handling  of  the  milk. 
On  this  basis,  we  would  certainly  rejept  p.ilk  of  poor  bacterial  qualityi 
following  milking,  we  would  cool  and  pasteurize  as  quickly  and  efficiently 
as  possible  in  order  to  minimize  proteolytic  enzyme  activity;  and  we  would 
avoid  using  proteolytic  enzyme  type- antio:ci-iants  in  milks  for  concentrated 
products  manufacture. 

But  what  about  the  normal  free  amino  acid  content  of  milk?    Does  it  vary 
with  the  season,  the  breed,  feed,  etc.?  Specifically  what  free  amino  acids 
are  present,  do  they  vary,  in  numbers  as  well  as  levels?    Answers  to  these 
questions  may  be  very  important.    Although  it  is  known  that  milk  contains 
only  traces  of  free  amino  acids,  the  amounts  precent  could  easily  be  of 
importance  from  a  flavor  standpoint.    If  for  example  Holstein  milk  from  the 
Wisconsin  area  duidng  the  spring  flush  were  lowest  of  all  milks  in  free 
amino  acid  content,  such  fnilk  might  be  ideal  for  manufacture  into  certain 
concentrated  products.    The  point  of  all  this  is  that  we  can^t  begin  to 
develop  an  ideal  milk  from  the  standpoint  of  resistance  to  an  off -flavor 
if  we  know  nothing  about  the  fundamental  nature  of  the  flavor.    Host  of  our 
concentrated  products  are  tailor  made,  for  particular  uses.    1/Jhen  we  know 
exactly  what  is  to  be  avoided  regarding  off -flavors,  perhaps  a  tailor-made 
raw  material  for  our  products  can  be  sought.    It  is  even  conceivable  that 
some  day  cows  xd-ll  be  selectively  bred  toward  this  objective. 

Reflection  on  the  nature  of  flavor  and  other  problems  presented  by  concen- 
trated milks  reveals  the  need  for  more  adequate  Icnowl edge  of  milk  itself. 
The  era  is  past  when  informa.tion  on  the  gross  composition  and  more  obvious 
properties  of  milk  were  adequate  to  contend  with  our  problems.    The  signifr- 
icance  of  trace  substances  and  minute  chemical  changes  in  mdlk  are  readily 
evident  in  the  field  of  flavor  research.    If  we  are  to  keep  pace  with  the 


-  52  - 


aggressive  progress  in  the  rest  of  the  food  industrcy,  ve  cannot  remain  con- 
tent with  the  natural  merit c;  of  milk;,  that  it  is  -pa-Vvoaol^^  and  nu'.ri*:icus. 
We  should  bring  to  bear  tl^e  fv-  ij.  brant  of  rodern  vsciet.tif ic  knovrl^'.lf-^e  and 
techniques  on  problems  Tji.vh  m'-J.U:  so  that  it  will  be  th«5  opb'iruc-:  pr-^dui^t  in 
any  form.    In  the  vernacul i-?'  cf  ^.he  day,  milk  is  a  many  splondored  thi'ng 
but  let^s  not  rest  on  the  iiip!l.-;ndor« 


Mechanisms  of  certain  off -flavors. 
^*    Oxidized  flavor  in  skim  milk. 

Phospholipids?       ^,  „,:T,...^  a  -  CH  »  CH  -  CHO 

Alkyl  2-enals  (G[^  -  Cv]_) 
CH3  -  (CH2)[^--  CH  s  CH  -  CHO 
2-octenal 
•    CH3  -  (CH2)5  -  CH  =  CH  -  CHO 
2-nonenal 

2»    Coconut-like  flavor  of  certain  stored  prcdv.cts  c-.;:-;  ir.'-ng  milk  fr:t. 

CH3-(CH2)i^-CH=CH-(CH2)2-COOH  }  CK3-(CH2)]^-C:>'; 0112)3 -CO  ^  ^2^ 

1  O— J 

4-decenoic  acid  C/  -decalactone 

3,    SunlL^ht  flavor  in  milJc. 

HoJ 

CH3-S-(CH2)2-Cffim2-COOH  >  CH3-S-(CH2)2-CHO  +  NH3  -1.  GO 2 

riboflavin 

methionine  methional 
km    Malty  flavor  in  milk  (microbiological), 

fol 

(CH3)2-CH-.CH2-CmiH2-CC0H  -^^^ — }    (CH3)2-CH-CH2-CK0  +  NH3  +  CO2 
leucine  isovaleraldehyde 
5»    An  action  of  ionizing  radiations  on  amino  acids. 

CH3-CHira2-CCOH    f    OH  >  CH3-CHO    +    I'IH3    +  CO2 

alanine  acetaldehyde 
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6.    Action  of  heat  on  amino  acids  in  presence  of  1,2-dicarbonyls  (The 
Strecker  degradation). 


(01-13)2  -  CK  -  CK2  -  CmiH2  -  COCH    4.    CH3  -  CO  «  GOOH 


leucine 


p;y'Tuvic  acid 


(CH3)2  -  CH  -  CH2 


CHO      4-     CH3  -  Cm^JH2  »  COOH      +  CO2 


isovaleraldehyde 


alanine,. 


HETIIDDS  AND  PRCSLEI'iS  lU  THE '-PRQDUCT  lOH  OF  SPRAY-miED ,  ICELK 

S#  T.  Coulter,  University  of  Minnesota 
St.  Paul,  r4innesota 


In  disc  VIS  sing  methods  and  problems  in  the  production  of  spray-dried  milk 
I  shall  mention  methods  only  to  the  extent  to  x^rhich  I  consider  than 
appropriate  in  developing  the  problems*    Actually'-  the  problems  resolve 
themselves  to  a  very  siriple  proposition.    T'e  would  like  to  be  able  to  pro- 
duce spray-dried  milk  which  on  reconstitution  worJ-d  be  identical  with  the 
fresh  fluid  milk  from,  x^rhich  it  was  produced  and  have  the  physical  char- 
acteristics of  dissolving  instantly  and  cdmpletel^r.    Dr.  H^^ 
optimistic.    I  x^rould  like  to  add  my  opti:-aism  with  respect  to  this  particular 


We  normally  conceive  of  spray  drying  as  consisting  of  three  operations: 
atomization,  evaporation  from  drops,  and  the  flow  and  mixing  of  gases  and 
particles.    Atcmisation  is  not  a  particularly  pertinent  factpri insQfar 
the  ultimate  quality  is  concerned.    Normally  we  atomdze  either  with  pres- 
sure spray  o r  w±th  a  centrifugal  at  dmia  er •    W e  can  get  approximately 
equivalent  results  from  both.    Or  we  cduld  atomize  with  a  two-fluid 
atomizer,  although  these  have  not  been  iddely  used  in  this  industry.  There 
has  been  considerable  interest  in  a  two-fluid  atomizer  using  the  drying  air 
as  the  atomizing  medium.    I  personally  hav^'  d.  great  deal  of  interest  in 
that  method  of  atomizing,  and  believe  it  offers  an  inherent  advantage  in 
the  very  Tapid  and  complete  mipcing  of  the  spray  and  the  air  stream.  We 
have  been  very  successful  on  a  pilot-plant  scale  in  getting  one  of  tliese 
atomizers  to  work.    We  have  not  been  so  successful  mth  commercial 
operation. 

Commonly  those  interested  in  drying  like  to  develop  mathematical  relation- 
ships.   Drying  ujidei?  static  conditions  sUCh  as  in  tray -drying  is  relatively 
easy.    In  spray  drying,  where  you  are  dealing  with  very  small  particle  size 
and  very  rapid  rate  of  drying  together  with  rather  rapid  -changes  in  the  dry- 
ing conditions,  mathematical  relationships  £ire  rather  difficult  to  evolve ,^ 
In  tray  drying  they  speak  of  two  stages  of  dr;>'lng|  the  constant  rate  period 
and  the  falling  rate  period.    We  have  not  been  able  to  recognize  any 
clearly  defined  constant  rate  period  in  spray  dr^^ing.    From  experimental 
data  we  have  obtaiixed,  we  found  that  there  i.-as  a  rather  constant  drop  in 
the  drying  rate  until  a  moisture  level  of  about  20^  was  reached,  after 
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which  there  was  a  rather  rapid  drop  in  the  drying  rate.    IJith  pure  liquid 
drops  you  would  be  dealing  only  \i±th  the  constant  rate  period.    Duffie  and 
Ifershall,  of  the  University  of  Wisconsin,  have  shoTjn  that  the  time  of  dry- 
ing for  pure  liojold  drops  increases  as  the  square  of  the  diaineter  of  the 
particle.    Particles  up  to  20  or  30  microns  in  diameter  xd.ll  dry  in  a 
fraction  of  a  second.    Larger  size  particles  may  tal:e  several  seconds. 
I'.'ith  milk  prodacts  tliere  is  no  clearly  defined  constant  rate  period,  and 
during  the  falling  rate  period  the  relationship  becomes  rather  confused. 
Ce^rbainly  the  rate  of  drj'-ing  during  the  constant  rate  period  increases  at 
least  as  the  souare  of  the  diameter  of  the  particle.    Tlie  rate  of  drying 
during  the  later  stages  of  dr^'-ing  is  dependent  upon  the  movement  of  water 
to  the  surface,  and  as  the  concentration  increases,  this  becomes  rather 
slow.    Now, in  tray  di^^'ing,  the  drop  in  the  rate  of  drying  during  the  fall- 
ing rate  period  is  due  to  the  movement  of  the  zone  of  drying  from  the 
outside  of  the  particle  to  the  interior.    We  can  demonstrate  no  such 
proposition  in  the  spray  dr^rlng  of  m.ilk.    If  there  is  a  movement  of  the 
zone  of  drying  from  the  surface  to  the  interior  of  the  particle,  you 
would  expect  distortion  at  the  s^irface  of  the  particle  and  microscopic 
examination  does  not  reveal  any  such  distortion. 

If  the  rate  of  drying  is  dependent  upon  movem.ent  of  water  to  the  surface  of 
the  particle,  you  would  expect  large  particles  to  have  a  higher  moisture 
content  in  any  given  stage  of  the  drying  operation  or  at  any  given  time 
interval  than  smaller  particles,  and  we  find  that  to  be  true.    We  took  t::jo 
samples,  each  of  wliich  had  an  initial  moist-.ire  content,  tnat  is  a  com- 
posite moistu.re  content,  of  3%'«    "^^e  sieved  the  material  and  got  particles 
ranging  from  those  retained  on  80-mesh  screen  up  to  those  that  passed 
through  l80-mesh  screen  and  fo^md  that  the  small  particles  had  a  loTjer 
moistuxe  content  than  the  bulk  and  the  large  particles  had  a  higher 
moisture  content  than  the  bulk.    We  have  always  been  rather  surprised  as 
to  hoxv  slowly  that  equilibration  takes  place.    Obviousl3?'  they  will 
eventually  equilibrate.    But  after  2h  hours,  the  sm.aller  particles  still 
had  a  loT^er  moisture  content  than  the  bulk  and  the  large  particles  a 
higher  m.oisture  content.    In  another  sample  the  equilibration  had  not 
taken  place  even  after  72  hours. 

The  driving  force  for  the  dr;^ang  operation  can  be  expressed  as  (p^^T-Pa) 
where  p^r  and  p^  are  the  vapor  pressures  of  water  associated  with  the  * 
particles  and  with  the  air,  respectively.    As  the  powder  leaves  the  air 
stream  p^,^  should  approach  p^.    But  only  the  surface  of  the  particles  will 
be  in  equilibrium  with  the  diying  air.    That  is  just  another  way  of 
expressing  the  sam.e  relationship  that  is  shox^m  by  the  difference  of  the 
moisture  content  of  the  large  and  sm.all  particles. 

The  difference  in  the  m.oisture  content  of  large  and  sm.all  particles  has 
not  been  of  too  great  significance  in  this  industry-'-  prior  to  the  develop- 
ment of  the  instant  pox-jders.    With  the  instant  pox-iders,  however,  and  the 
emphasis  on  larger  sise  particles,  this  has  become  of  rather  considerable 
significance  in  determining  the  conditions  required  to  reduce  the  moisture  . 
content  of  the  powder  to  the  required  level. 

Obviously,  if  the  o^itside  of  the  pox>;'der  particle,  vapor  pressurex-dse,  is 
in  equilibrium  T'dth  the  air,  then  the  humidity  of  the  exit  air  must 
influence  the  moisture  content  of  the  poT^Tder.    There  is  a  general  rela- 
tionship between  the  exit  air  humidity  and  the  moisture  content  of  the 
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powder*     I  might  say  that  the  normal  exit  humidity  from  tho  drier  would  be  \ 
in  the  neighborhood  of  •Ol|.  to  #06  pound  of  water  per  pound  of  dry  air. 
Obviously,  since  the  exit  air  humidity  is  the  sum  of  the  inlet  air  humidity 
and  the  moisture  pickup  during  drying,  there  should  be  a  similar  relation- 
ship between  the  humidity  of  the  inlet  air,  and  the  moisture  of    the  powder. 
There  has  been  a  great  deal  of  confusion  in  the  industry  with  respect  to 
the  relationship  between  the  exit  air  humidity  and  the  moisture  content  of 
the  powder.    Admittedly,  this  is  difficult  to  show  under  ' commercial  opera- 
tion for  two  reasons,    ^irst,  anything  that  changes  the  particle  size 
would  upset  this  relationship.    Second,  the  use  of  a  redrier  would  upset 
the  relationshi|)«    So  very  commonly  in  commercial  operations  the  statement 
is    made  that*" there  is  very  little,  if  ejiy,  relationship  b^tweenthe  exit 
air  humidity  and  the  moisture  content  of  the  powder.     In  dryer  operations 
we  do  not  control  the  humidity  of  the  inlet  air.     It  can  be  done,  but  it 
is  expensive,    ^ut  certainly  the  humidity  of  the  inlet  air,  and  conse- 
quently the  humidity  of  the  outlet    air,  does  vary  rather  widely,  either  by 
changes  in  moisture  content  of  the  air  itself  or  because  of  leaky  coils. 

The  temperature  of  a  droplet  of  water  during  drying  would  be  by  definition 
that  of  the  wet  bulb  temperature  of  the  air.    ^Hth  a  droplet  of  the  milk 
the  situation  is  somewhat  different.    Materials,  in  solution  or  suspension 
lower  the  vapor  pressure.    Contrary  to  expectations,  Marshall  and 
associates  at  the  University  of  ViTisconsin  have  shown  that  the  droplet 
evaporates  with  a , surf ace  temperature  corresponding  to  that  of  the  sat- 
urated solution  even  though  the  concentration  is  less  than  saturated.  How- 
ever, even  taking  into  consideration  the  lowering  of  the  "^rapor  pressure 
due  to  materials  in  solution  and  suspension,  the  ter.perature  of  the  particle 
(as  long  as  the  surface  is  fully  wetted  vjith  water)  Mil  never  exceed 
about  114.0°  P.,  depending,  of  course,  on  the  humidity  of  the  air.,  The 
temperat\n*e    of  the  particle,  after  the  surface  is  no  longer 'completely 
wetted  with  water,  will  vary  depending  .upon  the  desii;n  of  the,  dryer  and  on 
the  operating  conditions. 

Dryers  can  normally  be  classified  with  respect  to  air-powder  flow  as  either 
cocurrent  or  counter current.    Actually,  no  dryers  are  in  use  or  have  been 
developed  which  provide  strictly  counter current  air-milk  flow.  Considerable 
numbers  are  in  use  that  provide  at  least /partially  countercurrent  air-milk 
flow.    With  strictly  parallel  air-milk  flow,  the  temperature  of  the  particle 
will  never  exceed  that  of  the  exit  air  temperature  from  the  dryer,  which  may 
be  in  the  order  of  170°  to  180°  or  possibly  190°  F.    Jf,  however,  you  have 
partially  countercurrent  air-milk  flow,  the  temperature  of  the  particles  may 
approach  rather  closely  that  of  the  inlet  air-,  which-  may  be  as  high  as 
300-14.00°  F.    This  is  a  very  pertinent  factor  in  .determining  the  extent  of 
heat  damage.    Also,  I  should    like  to  mention  ■  in  this  connection  the 
possibility,  which  is  ever  present  in  most  dryer  designs,  of  recycling  of 
partially  dried  material  back  into  the  hot  air  stream. 

Dryers  may  be  also  classified  as  either  updraft,  downdraft  or  horizontal  . 
with  respect  to  air  flow,  or  as  straight-line  or  rotary  flow.    Rotary  flow 
has  frequently  been  used  ivith  the  idea  of  increasing  the  flight  time  of 
the  particles    in  the  air  stream.    Virtually  every  com'^ination  of  these,  three 
general  rr6lations hips  has  been  used  in  dryer  design.    Since  all  of  them 
are  used,  it  should  be  obvious  that  probably  no  one  design  offers 
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maxiHum  advantages  in  all  respects'.    Unfortunately,  dr;^^r  design  is  still 
largely  on' an  empirical  or  cut-and -try  basis-    Xt  vioult-d  be  extremely  diffi^ 
cuit  to  evaluate  all  variables. w^xvc.'^-  Are  .possible. 

We  normally  evaluate  heat  damage  .in  te^ns  of  solubility  index,  which  is  a 
measure  of  t,he  amount  of  casein  destabilinvati on  wiiich  ha^  occurred^  and  in 
terms  pf  burnt  specks.    The  time  to  ■pv^-zf.pi'i^ts' a  ^^i von  amount  of  casein  on 
heating  increases  almost  semilogarithmically  i^-ith  increase  in  concentration 
up  to  about  83-90%  solids.    Above  that  concentration,  the  milk  protein 
becomes,  rather  heat  stable.    In  drying  you  must  pass  tl.rough  the  moisture 
range  of  maximum  instability,  which  is  around '90/i  solids. 

In  cocurrent  flow  dryers,  there  is  a  general  reiationshdp  between  the  exit 
air  temperature  and  the  solubility  index.    AS-  you  get  above  a  critical  exit 
air  temperature  the  solubility  index  increases  aboiit  semilogarithmically 
i-d-th  tiie  temperafure  of  exit  air*    This  critical  air  temperature  will  varj^ 
primarily  with  particle  size  because  the  smaller  the  particle  size  the 
faster  the  drying  and  consequently- the  shorter  the  period  of .  time  in  going 
through  the  critical  range  of  concentration.    Also,  it  will  vary  with 
dryer  design.    If  you're  dealing  with  coiintercurrent  air-milk  flow,  it  will 
also  vary  with  the  inlet  air  temperature,  since  the,  particle  comes  into 
contact  >jith  the  iiilet  air  as  it  approaches  dryneiss. 

I»m  riot  going  to  dwell  on  burnt .  specks  -except  to  iliqicate'  that'  they  are  a 
'  general  problem.    They  result  usually  from  recj^c ling  of  dried  particles 
back,  into  the  hot  air  stream,  or  they  may\develop  Tiherev^    mlllv  powder  be- 
comes lodged  for  a  protracted  period  of  tirae.  .  ^      "  ',  i  •  • 

In  spray  dryer  operation,  we  normally 'control  the  inl^    air  temperature. 
For  reasons  of  economy  we -tTant  to  use  the  maximum  inlet  air  temperature  pos- 
siblej  actua.ll-y  dryers  are  in  use  using  inlet  air  temperatures  up  to  500^F. 
and .  above •    Theoretically,  -  there'  is  a  maximum  since  the  cooling  effect  on 
the.  air  is  due  .to  evaporation  of  water.    Under  any  given  set  of  conditions, 
the  higher  the  inlet  air  temperature,  the  greater  the  moisture'  content  of 
the  poT^]der  because  the  higher  the  humidity  of  the  exit  air.    We  vary  the 
outlet  air  temperature  T-zithin  the  limits'  imposed  by  m.oisture  content  and 
heat  damage.    We  always  run  into  the  fact  that  there  is  a  conflict  between 
moisture  content  and  he.at  damage.,  .  The.  larger  the  particle  size,  the  slower 
the  <irying  time  and,  in  general,  the  higher  the  moist^ore  content.    So  you 
can  get -into  a  situation  where  you  cannot  raise  the  outlet  air  teinpera-^ 
ture  without  excessive  heat  damage.    The  only  recourse  then  is  to  reduce 
the  particle  size.  '  There  is  a  general  relationship  between  the  viscosity 
of  the  condensed  milk  and  the  particX^  size*'  Viscosity  can  be  varied 
either  by  changing-  the  temperatur of  .the' concentrate  or  by  changing  the 
concentration. ,  Frequently  during  holi/  huniid  days,  T^'e  must  have  recourse  to 
reducing  concentration  in.  orde]*  to  reduce  the  jijoisture  content  without 
increasing  heat  ,  damage;  •. ;  -  .  ,    .  .    '  . 

I  have  beeri  a  little  uncer^^  ks  to  ^ust  what  to  say  about 

instant  powder.    I  am  sure  you  understand       position  in  the  matter.  There 
are  gentlemen  in  tite  'room  representing  various  companies  who  surely  know 
a  great  deal  more  about  the  processes  they  are  using  than  I.    I  xd.ll,  how- 
ever, make  some  general  statements  with  respect  to  instant  powder  because 
of  its  inportance.    The  methods  in  general  are  two.    First,  aggregation  of 
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particles  already  formed,  and,  second,  sprajring  so  as  to  secure  large 
particles.    I  am  sm*e  that  anyone  here  could  conceive  of  a  variety  of  ways 
of  effecting  aggregation^    One  method  which  has  been  published  consists 
essentially  in  wetting  the  powder  to  a  slurry,  followed  by  redrying*  This, 
incidentally,  permits  lactose  cr^'^stallization.    Another  method,  which  I 
understand  is  comraercially  used,  is  the  introduction  of  moisture  vapor  into 
a  stream  of  pneumatically  conveyed  poT^fder,  thus  effecting  aggregation  of 
the  particle s«    Still  another  is  recycling  of  the  fines  back  into  the 
normal  spray  in  the  drying  chamber*    Then  means  can  be  used  to  permit 
aggregation  shortly  after  spraying  within  the  normal  drying  operations. 
This  is  effected  by  atomizing  into  a  very  high  velocity  stream  of  air  at 
a  high  temperature,  using  high  concentration,  so  that  the  surface  of  the 
powder  becomes  sujfficiently  tacliy  for  particle  aggregation  to  occur. 

There  is  a  tremendous  amount  of  interest  in  instant  whole  milk,  and  I,  for 
one,  am  quite  optimistic  that  eventually  someone  is  going  to  effect  the 
break-through  the  same  as  was  done  with  nonfat  powder.    The  problems,  how- 
ever, are  rather  considerable.    Basically,  the  situation  is  as  follows: 
As  long  as  the  fat  is  in  the  liquid  state  there  is  no  problem  of  wetting. 
Wetting  can  be  secured  of  course  by  warming  the  poT^er,  by  warming  the 
water,  or  by  using  a  fat  which  has  a  melting  point  lower  than  butter  oil. 
For  instance,  you  can  make  a  beautiful  instant  powder  using  corn  oil.  IJith 
butter  oil,  however,  which  is  the  product  we  are  interested  in,  the  fat 
crystallizes  at  normal  storage  temperature,  and  it  is  the  crystalline  fat 
which  retards  and  prevents  wetting  and  subsequent  dispersion  of  the 
particles.    I  am  sure  that  each  of  you  could  think  of  a  considerable 
number  of  ways  to  keep  the  fat  in  place,  and  I  assure  you  that  in  my  own 
personal  experience  a  great  many  of  them  have  been  tried.    But,  obviously, 
so  far  we  have  not  been  successful  in  getting  the  fat  to  "stay  put."  It 
remains  for  a  while  but  not  over  the  protracted  period  of  storage  necessary 
to  secure  a  satisfactory  product.    I  am,  however,  quite  confident  that, 
with  siifficient  incentive,  someone  will  break  the  barriers  and  make  a  fat 
product  which  is  as  instantly  dispersible  as  our  present  instant  nonfat 
product.    Having  an  instant  fat  product,  I  have  every  confidence  that  most 
of  the  other  problems,  at  least  in  respect  to  dried  whole  milk,  can  be 
solved. 

Discussion 

R.  K.  Eskew:       I  would  like  to  get  some  idea  of  the  time  and  the  storage 

conditions  that  might  be  expected  to  result  in  this  loss  of 
dispersibility  because  of  the  fat. 

S.  T.  Coulter:    As  soon  as  there  has  been  sufficient  time  at  a  temperature 

at  which  the  fat  vdll  crystallize,  which  may  be  a  matter 
of  2h  hours,  there  is  a  noticeable  loss  in  dispersibility* 
This  becomes  progressivelj''  worse  over  continued  storage. 
You  can  use  a  variety  of  emulsifying  agents,  and  Dr. 
Hollender  will  talk  this  afternoon  about  the  use  of 
emulsifying  agents  of  various  kinds.    They  have  an  effect 
and  a  very  helpful  effect*    And  I  rather  suspect  that  if 
you  could  hold  materials  of  that  kind  at  a  constant  tem- 
perature you  might  get  the  fat  to  "stay  put,"  but  with 
fluctuating  temperature,  and  resultant  melting  and  thawing 
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Comment : 


S.  T,  Coulter: 


of  the  fat,  the  fat  migrates;  at  least  I  have  no  other 
explanation  for  what  happens.    So  those  poTcders  lose  dis- 
"  persibility  on  storage.    They  may  be  satisfactory  over  a 
period  of  a  month  or  more,. but  it  has  been  our  experience 
that  they  ultimately  lose  their  dispersibility. 

The  difference  in  moisture  content  of  the  small  particles 
and  large  particles  and  their  failure  to  equilibrate  on 
■  storage  suggests  that  there  could  have  been  a  compositional 
difference,  maybe,  in  lactose  content  or  something. 

They  T-dll  equilibrate  on  storage,  but  they  equilibrate  '■ 
very  slox-ily.    Now  we  got  into  this'  in  freeze-dr^dng 
comparatively  large  chunks  of  rrdlk.    We  found  that  free ze- 
dried  particles  rather  large  in  size  took  months  to 
equilibrate.  '      .    .    *  ■' 

,1  don^t  "^jant  to  anticipate  Dr.  .Holiender;*s  talk,  but  does 
there  apr^ear  to  be  any  effect;:pf.-the-fat  level  in  the  milk 
products  when  dried?  .  In  other  words,  if  ■  you  were  dr^^ing  a 
product  of  2-1/2  to  3%.  fat  versus  one  of  4  or  5%?  ^ 

S.  T.  Coulter:  .We  have  not  investigated  t^ie-, fat  level  question  thoroughly. 
•  ;       Certainly  as  the  fat  is  reduced  you- rieach.  a  point  at  which 

•  •    "  ■:.  ■  f at  would  no  longer  be  a  factor,  but  td^at.  is -fax  below  the 
'■  ••^  ^v-o.  -normal  fat  level.  •         ^  ^  •  .;      .  -"^^ 

EoGverii-  .1  wonder  if  any  of.^  the  -industrial  people' w6u3^  like  to  talk 
.  .  '  "  -  0  :  .  about  this  instant  milk*  " '"  y-- '  ;■  . 


S.  R.  Hoover: 


P..  A.  Wells: 


Would  anybody  like  to  m.ake  any' comments? 
No  comments.  '  . 


DISPSHSIBILITY  GF  DRY  luLKS  . 

H.  A.  Hollender,  Quartermaster  'Food  and  Cphtainer  Institute 

Chicago,  Illinois  ^  '-^^ •  ,? 


'■-■5      ■  ;  . ;  •  -Introduction 

During  the  past  fo'or  or,  five 'years,  considerable-  effort  has  been  put  forth 
on  m.ethods  for  improving  the- dispersibility  of Mr^N?-  milks. 

Although  the  emphasis  of  the  QM  Food  and  Container  Inst ii:ute  was  m.ostly  in 
terms  of  dry  whole  milk  ^industry  apparently  was  doing  a  lot  of  research 
on  nonJ'at  dry  milk.    This  is 'evident  by- 'th-e  fact  that  the  first  instant 
powder  iTas  introduced  some  18  months  ag-0.5;,  an^J  now  there  are  at  least  12 
commercial  products  available. 
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To  date,  we  have  not  seen  an  instant  dry  whole  milk  although  it  is  still 
hoped  that  -with  the  knowledge  industry  has  gained  in  the  development  of  the 
nonfat  products  that  such  a  product  containing  fat  will  be  possible. 

Dry  Whole  rlilk 

The  QM  Food  and  Container  Institute  supported  a  considerable  amount  of 
research  on  methods  for  improving  the  dispersibility  of  dry  whole  milk# 
Although  an  instant  dry  whole  milk  va.s  not  developed,  certain  information 
was  accumulated  x^hich  may  help  in  the  eventual  development  of  such  a 
product. 

The  information  available  may  be  divided  as  follows: 

1.  Influence  of  certain  processing  procedures. 

.  2«  Influence  of  wetting  and/or  surface  active  agents. 

3.»  Influence  of  particle  size. 

I4.  Influence  of  and  powder  teri^erature. 

5«  Influence  of  free  fat, 

Ashworth^-^)  and  his  group  at  Washington  State  College,  in  studying  varia- 
tions in  standard  processing  procedures  that  might  influence  the  dispersing 
characteristics  of  dry  whole  milk  found  that  J    (1)  a  fat  level  of  5-10^  in 
the  pox'jrder  was  beneficial;  (2)  homo.';enizabion  efficiency  x^ra■s  of  considerably 
importance,  especially  if  the  fat  level  Tias  above  lOfcj  (3)  drying  air 
temperature  had  little  effect  if  the  moisture  content  of  the  powder  was  in 
a  range  of  (U)  the  op tim\im  total  solids  level  of  the  condensed  milk 

was  U0-U8)t;  and  (5)  other  variations  did  not  produce  significant  changes. 

In  general,  most  manufacturers  would  likely  consider  these  conditions 
desirable  for  a  good  quality  powder.    Although  by  the  wide  variations  seen 
in  the  dispersing  characteristics  of  povjders  from  the  same  maniaf acturer,  it 
would  appear  that  processing  controls  are  not  as  good  as  they  should  be. 
Variations,  if  any,  caused  by  variations  in  the  raw  milk  supply  have  not. 
been  studied. 

It  is  very  probable  that  the  fat  level  will  be  of  considerable  importance, 
especially  in  the  development  of  an  instant  product. 

Hibbs  and  Ashworth^^''  were  the  first  to  report  the  irifiuence  of  certain 
emulsifiers  and/or  wetting  agents  on  the  dispersing  properties  of  dry  whole 
milk*    They  were  able  to  show  definite  improvements  in  the  wetting  prop- 
erties of  the  dried  milk  to  which  certain  emulsifiers  were  added  before 
drying.    However,  churning  was  encountered  xjith  certain  of  the  most 
effective  additives  when  the  powder  was  reconstituted. 

Mather  and  HoLLender^-^^  made  a  rather  extensive  study  of  the  influence  of 
wetting  agents  on  the  properties  of  dry  whole  milk.    They  also  were  able 
to  show  that  these  wetting  properties  could  be  increased  by  the  addition  of 
ce:?t=iin  .surface-active  compounds.    This  was  found  to  be  true  when  the  dis- 
persing properties  were  measured  bv  ]poth  the  rate  of  dispersion  and  self- 
dispersion  methods  of  Stone  et  al.^-^^ 


As  mentioned  previously,  Hibbs  and  Ashworth  found  that  when  the  surfactants 
-were  present  in  the  powder,  the  butterf at  had  a  tendency  to  churn  during 
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reconstittition,    Mather  and  /.Hollender  T-Tere  generally  able  to  control  the 
churning  by  using  a  combination  of  hydrophilic-lipophilic  surf actant,  such  as 
Om%  Tween  60  plus  0^$%  Span  60«    By  using  such  combinations,  it  was  gen- 
erally possible, to  control  the  churning  defect  vjithout  reducing  the  effect 
of  the  surfactant  to  any  degree. 

In  order  to  determine  the  commercial  feasibility  of  the  use  of  surfactants 
in  dry  i^ole  milk,  the  Food  and  Container  Institute  made  a  limited  procure- 
ment of  the  product  with  and  without  surfactants.    Three  lots  of  approxi- 
mately UOO  pounds  each  were  proc\ired.    They  were  (1)  control,  (2)  b.%  Span  - 
60  plus  0.5^  Tween  60,  (3)  O.C3^  Peg  hZ  plus  0.02%  distearate.    To  each  of 
the  lots  containing  surfactants  was  also  added,  0,06>o  Na  citrate.    The  powda? 
was  gas-packed  in  the  regular  manner  and  sliipped  to  the  Institute  for 
storage  studies.    Dry  whole  milk  which  was  manufactured  at  about  the  same 
time  on  an  .Army  contract  was  also  used  for  comparison  in  the  study. 

After  storage  for  one-year  at  UO,  72  and  100°  F«,  vdth  withdrawals  at  regular 
intervals,  it  was  found  that  the  surfactants  were  effective  in  improving 
the  self-dispersion  ani  rate  of  dispersion.    In  general,  storage  time  and 
temperature  had  little  effect  on  Peg  lt2,  but  storage  at  720       and  100°  F, 
significantly  decreased  the  effectiveness  of  the  Span-Tween  combination. 

Although  the  study  did  show  that  beneficial  dispersing  characteristics,  could 
be  obtained  by  the  use  of  surfactants,  the  iiiiprovements  did  not  eliminate 
the  typical 'falling  up"  that  occurs  when  poijaers  are  mixed  m  th  water.  A 
serious  stability  problem  was  •  encountered  when  the  powder  was  held  at.  100°  F  • 
There  was  a  rapid  decline  in  flavor  acceptance,  with  soapy  flavors  becoming 
evident,  thus  eliminating  the  practical  use  of  these  compounds. 

During  the  past  months,  the  influence  of  particle  size  on  the  dispersing 
characteristics  of  ndnfat  solids  has  become  of  considerable  importance. 
Swanson  and  co-workers v^)  have  shown  that  an  intermediate  range  (30-50  mu) 
is  the  most  desirable.    In  their  experiments,  particles  which  were  coarser 
than  this  sank  in  the  water  rapidly,  but  did  not  disperse  or  dissolve  well. 
They  were  not  certain  as  to  what  the  cause  for  this  was. 

Because  of  particle-size  fractionation  difficulties  with  dry  whole  milk, 
they  were  not  able  to  determine  the  dispersing  properties  of  different  sizes 
of  dry  whole  milk  as  such.    The  "free  fat"  had  to  be  removed  before  frac- 
tionation could  be  carried  out.    After  the  removal  of  the  free  fat,  the 
intermediate  size  was  found  to  be  the  most  desirable. 

The  influence  of  crystalline  lactose  on  the  dispersing  properties  of  dry 
milks  has  been  a  subject  of  considerable  speculation  especially  since  the 
first  instant  nonfat  product  contained  a  considerable  amount  ($0^,or  more) 
of  the  lactose  in  the  crystalline  form. 

There  is  a  lack  of  information  on  the  rate  of  lactose  and  6sp ecially  crys- 
talline lactose  on  dispersibility, 

Hollender  and  Lundegard^^)  studied  the  moisture  adsorption  of  dry  whole 
milk  in  thin  layers  at  various  temperature  and  relative  humidities  in  rela- 
tion to  the  lactose  crystallized.    They  found  that  approximately  9%  moistuie 
was  needed  before  $0$  of  the  lactose  could  be  expected  to  crystallize. 


The  time  to  reach  this  moisture  level  was,  of  course,  related  to  the 
temperature,  the  relative  humidity,  and  how  the  powder  vas  exposed. 

At  the  moistiire  level  of  7-9^,  the  powder  becomes  very  sticky  and  ag-glcmora- 
tion  of  the  small  particles  readily  takes  lolace.    Heat  damage  to  the  pro- 
teins at  temperatures  of  rapid  moisture  adsorption  will  be  severe  unless 
exposure  time  is  very  short. 

The  relationships  between  crystalline  lactose,  particle  size,  and  dis- 
persibility  have  not  been  reported. 

By  allowing  for  moisture  pick-up  and  the  resulting  increase  in  particle 
size,  Hollender  and  Lundegard  were  able  to  prepare  very  small  quantities 
of  dry  whole  milk  with  an  increased  amount  of  crystalline  lactose,  but  the 
dispersing  qualities  were  not  necessarily  improved.    However,  the  amount  of 
free  fat  was  increased  considerably  and  it  appeared  that  this  surface  fat 
prevented  wetting  and  subsequent  dispersion. 

Swanson^^)  found  that  if  the  "free  fat"  was  removed  from  regular  dry  whole 
milk,  the  dispersing  properties  were  greatly  improved. 

Stone  et  al  (^)  fotind  that  warming  dry  whole  milk  before  reconstituting 
markedly  improved  its  dispersing  properties*    By  heating  the  powder  to  ihO^ 
F.  they  were  able  to  show  approximately  a  threefold  increase  in  the  lO-secoid 
rate  of  dispersion  in  cool  water. 

Thus  it  appears  that  the  development  of  an  inrtant  dry  ^hole  milk  may  hinge 
on  controlling  the  free  fat  and  its  characteristics  as  well  as  increasing 
the  particle  size. 


NONFAT  DRY  I'ULK 


During  the  past  year,  we  have  accumulated  considerable  information  on  the 
dispersing  properties  of  the  instant  nonfat  products  as  well  as  on  their 
keeping  qualities • 

A  survey  is  currently  being  made  of  the  various  prcdacts  on  the  market  in 
an  attempt  to  arrive  at  a  range  of  dispersibility  that  can  be  used  to  des- 
cribe or  define  an  instant  product. 

A  study  of  samples  of  instant  nonfat  dry  powders  sent  in  by  various  manu- 
facturers showed  that  there  was  a  considerable  variation  in  dispersibility 
among  so-called  "instant"  products,  whether  measured  by  the ^ If* --dispersion 
method  or  the  rate-of-d^.spersion  method.    However?  when  measured  by  rate  of 
dispersion,  the  greatest  differences  are  registered  in  the  first  10  seconds 
and  by  the  end  of  the  ijO-second  stiixing  period,  the  differences  in  most 
cases  have  become  less. 

Where  the  dividing  line  should  be,  in  order  to  define  a  truly  instant 
^product,  has  not  been  determined. 

Earlier  studies  on  a  smaller  group  of  instajit  t-T)e  powders  indicate  that 
there  is  not  an  appreciable  change  in  the  dispersing  properties  of  these 
products  when  stored  so  as  to  prevent  moisture  pick-up. 
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For  comparison  purposes,  the  results  by  these  same  methods  for  several 
"high"  and  "low"  heat  samples  have  been  deten.dned.  It  was  found  that 
three  of  the  low  heat  samples  have  fairly  good  self -dispersion  values, 
but  the  10-second  rate  of  dispersion  is  relatively  poor. 

Conclusions 

!•    Fat  contents  of  above  10^  are  detrimental  to  the  Totting  properties 
of  the  po-T/.-der* 

2»    Homogenization  efficiency  is  important  if  the  fat  content  is  10^  or 
above . 

3.    The  addition  of  certain  surfactants  to  the  milk  before  drying  will 
improve  the  dispersing  characteristics  of  the  resulting  dry  whole 
milkfl 

U»    Off -flavors  may  develop  in  dry  whole  milk  containing  surfactants  ^^^en 
stored  at  100°  F. 

5.  An  intermediate  particle  size  (30-^50  ura)  improves  dispersing  pro- 
perties. 

6.  Free  fat  and  the  state  or  "condition"  of  this  surface  fat  are  important 
to  good  wetting  properties. 

7.  There  are  T-iide  variations  in  the  dispersing  properties  of  commercial 
instant  nonfat  dry  milks. 
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DISCUSSION 

Question:    How  mnv  grams  of  powder  do  they  drop  into  this  in  order  to 
determine  the  figures  here? 

Answer:       (Dr.  Kollender,  QMC)  The  rate  of  dispersion  is  determined  with 
$2  grams  and  hOO  ml.  of  water,  water  at  75^;  and  the  self *dis- 
:    persion  is  l5  grams  and  90  ml,  of  water— that* s  ;in  a  Btichner 
funnel.    The  rate  of  dispersion  is  determined  with  a  mixer 
■  ,  ■  with  a  bowl  with  a  hole  in  the  bottom  so  that  the  material  can 

be  dra^m  out  at  a  10  sec.  or  20  sec.  or  30  sec.  interval.  This 
was  presented  by  Stone,  et  al.  at  the  Dairy  of  Science  meeting, 
I  think  2  years  ago. 

Question:    Did  you  find.  Sir,  that  some  of  the  milk  powders  that  had  a 

very  high  density  had  better  dispersion  than  the  light  powders, 
some  of  which  probably  have  the  best  dispersion. 

Answer:       (Dr.  Hollender,  QIC)  Tou  mean  on  this  rate  of  dispersion, 

where  we  use  mechanical  agitation?    I  don't  thitik  so.    We  don't 
have  any  density  measurements,    lie  are  working  on  that  at  the 
present  time.    The  product  which  is  probably  the  least  dense  of 
all  the  products  has  both  the  highest  rate  of  self-dispersion 
and  the  rate  of  di.spersion. 

Dr.  Fatten,  Penn  State  University;    I  don't  thinlc  we  have  resolved  this 

point  at  all,  about  xvh ether  the  cr:,'-stalli -nation  of  the  lactose 
is  a  more  important  or  less  important  factor  than  the  density 
of  the  particle.    It  seems  to  me  that  we've  got  representatives 
of  companies  here  yho  could  be  able  to  tell  us  something  about 
this. 

Dr.  Wells;  I  would  go  along  with  that.  This  would  be  an  operation  of 
taking  down  our  hair.  Do.es  anyone  care  to  comment  on  that 
point?  • 

Dr.  Hartman,  TJhite  House  Compan3^;  It  depends  on  what  you're  talking  about 
,    on  density,  whether  you're  talking  about  the  density  of  the 
original  powder  or  the  instant. 

Dr.  Patton:  (Penn  State  U. )    I*m  a  greenhorn  at.  this  but  ^at  I'm  trying 

to  get  at  is  that  in  the. manufacture  of  instant  milk  is  it  more 
M^ortant,  in  getting  a  better  product,  that  we  get  the  lactose 
crystallized  either  wholly  or  partially  or  do  we  have  a  better 
chance  of  success  by  control  of  particle  sizie? 

Dr.  Hartman;  I  think  that  the  answer  is,  quite  obvious  if  you  go  back  and 
take  a  good  look  at  regular  powder.    If  you  take  regular  nonfab 
dry  milk  solids  and  add  a  sufficient  quantity  of  water,  it. will 
immediately  and  completely  disperse. '  For  example,  I've  seen 
that  demonstrated  by  taking  a  handful  and  throwing  it  a  wash 
sink  full  of  water,  a  large  tyc>Q  Tiash  sink,  and  before  you.  can 
even  think,  that  powder  is  completely  gone,  dispersed,  completely 
dissolved,  or  soluble.    And  I  think  therein  is  your  answer. 
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that  if  you  can  make  the  powder  vret,  you  vrill  solve  your  dis- 
persion problems.    In  other  words,  the  original  powder,  or 
plain  nonfat  dry  milk  solid  is  dispersible.    It^s  a  question 
of  wetting  it;  or  spreading  the  particles  so  that  they  can  be 
wetted,  let's  put  it  that  way.    I  really  don't  think  that 
lactose  has  any  bearing  on  the  problem. 


Dr.  Wells;  Well  there,  now  we've  got  an  answer.    Does  someone  disagree 
with  that? 


Dr.  Coulter,  U.  of  Minn. t  I  might  make  this  comment.    I  think  it  should 
have  been  obvious  from  T'lhat  I  said  this  morning  that  if  the 
powder,  the  so-called  instant  powder,  is  made  both  \±th  and 
^-d-thout  lactose  crystallization,  as  Dr.  Hartman  has  said,  it's 
a  question  of  preventing  the  "balling  up"  that  occurs  x^hen  the 
noriP.al  powder  is  wetted  with  -jater.    Get  the  physical  characteiv 
istics  of  the  powder  so  that  you  do  not  get  the  "balling  up." 

Dr.  Wells!  You -agree  with  Dr.  Hartman.    He  says  that  the  lactose  has  nothing 
to  do  T-jith  it« 


USE  OF  ELECTROLYTIC  TIN  PUTE  IN  PACICAGB'G  OF  HILK  CONCENTRATES 

by 

E.  A.  Tjarks,  New  York^  N.  Y, 


1—  Production 


The  seizure  of  the  world's  most  productive  source  of  tin  ore  by  Japan  during 
I'Ibrld  War  II,  combined  ^d.th  small  amounts  of  stock  available,  accelerated 
the  movement  toward  large  scale  production  of  electrolytic  tin  plate, 
until  at  the  present  time  approximately  70f^  of  all  tin  plate  produced  is 
electrolytic,  and  the  percentage  is  increasing  evevj  year.    Production  in 
tons  since  19U2  shows  the  follox'Ting  pattern: 


ELECTROLYTIC  HOT  DIP 

19i|2  S270OO  2,57b, COO 

19U5  862,000  2,0ii6,000 

1950  2, 8m,  000  1,911,000 

19SU  3,680,000  1,307,000 


2-  Some  Properties  of  Tin  Plate 

Tin  plate  is  essentially  a  thin  raid  steel  sheet  coated  vrith  a  much  thinner 
layer  of  tin.    If  we  could  visualize  it  as  a  nine-layer  sandwich,  it  would 
be  constituted  of  a  steel  base  filling,  on  each  side  of  which  is,  successive- 
ly, an  alloy  layer,  a  tin  layer,  a  protective  oxide  layer,  ajid  an  oil  layer.. 

The      ability  to  resist  corrosicn  is  dependent  on  the  nature  of  one  or 
mere  of  these  layers, 

Hot-Dipped  Tin-Plate  Manufacture  -  Cold  or  hot  rolled  sheets  approximately 
20  by  30  inches  are  pickled,  fluxed,  passed  through  a  pot  of  molten  tin. 
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cooled,  6id:ac©d,  ai2!Od,  and  assorted. 

Electrolytic  Tiii'-Plate  Manufacture  -  Teisper-r oiled  coils,  approximately 
3^  IS.  vdde  by  15,000  lb.  or  larger  are  electrolyiiically  cleaned,  pickled, 
electrolytically  tinned^  flow  brightened,  chemically  dipped,  rinsed,  oiled, 
and  sheared  or  again  coiled. 

Differential  Electrolytic  Tin  Plate  -  One  weight  of  coating  is  applied  to 
one  side  of  the  sheet  and  another  weight  to  the  other  side.    To  differ*- 
entiate  between  the  different  coating  weights,  one  of  the  sides  is  given 
a  distinguishing  mark  or  finish. 

The  chemical  specification  for  base  steel  for  the  manufacture  of  hot-dip 


and  eXectrolvtic 

"olate  is  as 

follows : 

Element 

%  Permitted 

Tvoe  L 

Type 

MR 

Type.iM3 

Phosphorous 

«0l5  max. 

ft 020  max. 

•07  -  .11 

Copper 

,06  max. 

.20 

ma^c. 

.20  max. 

Carbon 

i:o5  -  .12 

.05 

-  .12 

.05  -  .12 

Manganese 

.25  -  .60 

.25 

-  .60 

.25  -  .60 

Sulphur 

»05  max. 

.05 

max. 

.05  max. 

Silicon 

.  010  max. 

.010  max. 

.010  max. 

Nickel 

•  Oil  max. 

NO  LII4ITATI0N  SPECIFIED 

Chromium 

•06  max. 

ti 

TI  tt 

Molybdenum 

•05  max. 

tt 

tt  11 

Arsenic 

•02  max. 

n 

tt  ft 

It  will  be  noted  that  the  principal  variations  in  the  impurities  tolerated 
for  the  different  types  are  in  the  phosphorous  and  copper  content  and  in 
the  maximum  tolerance  in  Type  L  steels  for  the  tramp  elements,  nickel, 
chromium,  molybdenum  and  arsenic. 

The  type  steel  used  mostly  for  electrolytic  tin  plate  intended  for  the  milk 
industry  is  Type  MRj  a  small  amount  of  Type  L  is  also  used.    Type  MC,  be- 
cause of  its  high  phosphorous  content  with  probable  decrease  in  corrosion- 
resistant  qualities  is  not  used. 

Characteristics  of  Tin  Plate 

The  Unit  of  Area  is  the  base  box  originally  defined  as  112  sheets  each 
20  by  lU  in.  or  the  equivalent  of  31,360  square  inches  of  tin  plate.  Since 
both  faces  of  tin  plate  are  tinned,  the  area  of  tinned  surface  is  62,720 
square  inches  of  tin  plate. 
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THICKNESS  OF  TIN  COATBIG 

Weight  per  Base  Box  Thickness  of  tin  coating  each  face 

.25  lb,  .0000152  in. 

•50  lb,  ,0000303  in, 

.75  lb.  .OOOOI455  in. 

1.00  lb.  .0000606  in. 

1.25  lb.  .0000758  in. 

The  overall  thickness  of  tin  plate  commonly  used  for  evaporated  and  con- 
densed milk  is: 

80  lb.  tin  plate  -  .OO878  in. 

The  coating  weight  used  at  present  for  evaporated  and  condensed  milk 
is  1.25  lb.  per  base  box  for  hot  dip  and  .75  lb.  per  base  box  for  elec- 
trolytic tin  plate. 

The  electrol3H:ic  deposition  of  tin  results  in  coating  the  steel  base  vdth 
tin  more  unifomly^  the  average  tolerance  in  the  .75-lb.  range  being 

.05  lb.  per  base  box|  for  hot  dip  in  the  1.25-lb.  range  /  .15  lb.  per  base 
box. 

3-  Problems  in  the  Use  of  Electrol:-H:ic  Tin  Plate 

With  the  continued  commercial  use  of  electrolj^ic  tin  plate  came  the  real- 
ization that  it  had  characteristics  entirely  different  from  hot-dip  tin 
plate,  and  that  m^any  problems  would  arise  that  T-rould  have  to  be  overcome 
before  a  satisfactory  plate  T-jould  be  made  available.    Such  problems, 
in  addition  to  corrosion  resistance,  included  the  consideration  of  char- 
acteristics governing  satisfactory  can  fabrication.    Some  of  the  factors 
encountered  have  been: 

a-  Abrasion  of  tin  plate  during  transit,  occurring  also  in  hot-dip  tin 
plate,  and  resulting  from  a  shifting  of  tlie  plate,  causing  minute  black 
spotting. 

b-  Rancidity  of  oil  film  on  continued  storage  of  the  tin  plate. 

c-  Drying  out  or  oxidation  of  oil  film  on  plate  through  continued  storage* 

d-  Discoloration  or  sulphide  staining  of  plate  after  continued  storage 
under  unsatisfactory  conditions. 

6-  Grovrbh  of  oxide  film  vdth  continued  storage 

f-  "Bum-on"  of  evaporated  milk 

1;-  Types  of  Corrosion 

a-  Evaporated  Milk  Cans 

Five  types  of  corrosion  have  been  observed  inside  evaporated  milk  cans: 

a-  Fire  burn  or  discoloration  (gray  to  deep  black)  along  the  body  edges  of 
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the  can  resulting  from  the  sensitivity  of  the  tin  plate  to  heat  in  can 
fabrication. 

b-  Corrosion  along  the  body  seam  inside  the  can,  gray  to  blackish  in  color, 
also  a  can  fabrication  problem. 

c-  Corrosion  of  the  entire  body  area  of  the  can,  grayish  to  blackish,  due 
to  inherently  poor  quality  of  the  tin  plate, 

d-  A  grayish  to  blackish  pitting  corrosion  of  the  can  ends  only. 

e-  Scored  lines  across  the  body  of  the  cans,  gray  to  black  in  color.  The® 
are  occasionally  found  cn  some  tin  plate  which  is  dry  (insufficient  oil) 
or  of  poor  quality  and  results  from  a  scratching  during  can  fabrication* 

Usually  the  exterior  edge  of  cans  shoTrjing  a  pronounced  fire  burn  mil 
be  found  bluish  to  blackish  in  color. 

b-  Condensed  Milk  Cans 

In  the  past  few  years,  corrosion  has  been  noticeable  in  some  lots  of  con- 
densed milk  cans  on  and  off  the  embossing  and  profile  of  the  ends,  par- 
ticularly the  end  stored  up  and  at  the  junction  of  the  body  seam  and  end 
seam.    The  corrosion  starts  as  a  light  broTmish  spot  and  rapidly  becomes 
larger  and  darkish  green  in  color. 

5-  The  Cause  of  Corrosion 

At  present  the  majority  of  investigators  lean  to  the  theory  that  corrosion 
on  the  inside  surface  of  evaporated  milk  cans  is  due  to  breaks  in  the  oxlda 
film  on  the  surface  of  the  tin  plate  T-dth  the  resultant  setting  up  of 
localized  differences  of  electrical  potential.    The  reaction  is  initiated 
during  the  sterilizing  period  and  is  progressive  to  the  point  of  being 
noticeable  as  a  grey  to  black  deposit  or  discoloration.  Investigators 
have  concluded  it  is  probably  the  sulphides  and  oxides  of  iron  or  tin 
or  a  mixture  of  both. 

The  corrosion  spots  of  condensed  milk  result  from  the  effects  of  air 
(oxygen)  and  condensed  milk  on  tin  plate  which  has  some  inherent  defect 
in  its  composition  characteristics  which  renders  it  particularly  sensi- 
tive to  an  aerobic  corrosion. 

Appearance  of  Desirable  Electrolytic  Tin  Plate 

Desirable  electrolytic  plate  made  up  into  evaporated  milk  cans  shows  a 
slight  pattern  of  crystalline  etching  soon  after  sterilization.    On  con- 
tinued storage  this  pattern  becomes  more  pronounced,  slightly  darker  in  color, 
and  is  apparent  over  the  entire  plate.    No  corrosion  of  any  type  will  be 
found  along  the  body  edges  or  seams.    Th'e'crystal  etching  pattern  is  very 
small  in  contrast  to  hot-dip  plate  and  does  not  have  the  spangled  appearance 
of  such  plate* 

7-  Results  of  Some  Investigations  of  Electro3-ytic  Tin  Plate 


In  the  last  few  years  many  erq^eriments  have  been  conducted  at  our  laboratory 
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in  conjunction  xd.th  our  tin  shops  and  in  collaboration  with  the  various 
tin-plate  producers.    One  of  the  first  studies  revealed  the  considerable 
differences  that  existed  in  tin  Dlate  from  different  prod^jcers  and  even  in 
different  lots  of  plate  from  the  same  pix)ducer«    Later  studies  have  shorn 
the  necessity''  of  the  tin-plate  inaustry  to  produce  a  tin  plate  tailored 
particularly  for  evaporated  or  condensed  milk.    General-purpose  plate  manw 
factured  by  them  is  usually  unsatisfactory.    One  investigation  showed  a 
lessening  but  not  an  inhibition  of  corrosion  -^-^hen  evaporated  milk  was 
packed  in  an  atmosphere  of  nitrogen.    All  studies  made  so  far  have  shown 
that  a  satisfactory  electrolytic  plate  made  into  cans  has  a  longer  shelf 
life  than  the  milk  product  it  contains. 

At  the  present  time  experimental  studies  are  being  set  up  to  evaluate 
suggested  chemical  and  physical  tests  which  might  help    predetermine  the 
corrosion  resistance  of  electrolv-bic  plate  in  as  short  a  time  as  possible. 
Most  of  these  tests  involve  an  accelerated  corrosion  of  the  plate  using 
som.e  acid  or  salt  solutions  with  either  visual  grading  or  electrical 
measurement. 

8-  Routine  Quality  Control  Testing 

All  shipments  of  tin  plate,  x^rhether  hot  dip  or  electrolytic,  are  sampled 
immediately  when  received  at  the  tin  shops  and  representative  sheets  taken 
for  coating  Trjeight  determination  and  corrosion  resistance  testing.  The 
coating-weight  figures  indicate  the  trend  as  to  this  characteristic.  Lo^ 
results  are  immediately  rechecked  and  all  such  resuil.ts  drawn  to  the  attention 
of  the  tin-plate  producer.    For  the  corrosion  resistance  test,  an  entire 
unit  of  a  shipment  is  made  up  into  cans  and  twelve  are  taken  to  reflect 
a  normal  can  fabrication  for  that  particular  'roductT's  plate.    The  tx-jelve 
cans  are  forwarded  to  the  nearest  milk  plant  for  processing  with  the 
regular  production  of  evaporated  or  condensed  milk.    The  completed  samples 
are  then  sent  to  ovr  New  York  Control  Laboratory  and  stored  at  95^  F,  six 
cans  being  examined  after  30  days  and  six  cans  after  60  days.  VJlien 
opened,  a  physical  examination  is  made  of  each  can  for  the  appearance  of 
and  type  of  corrosion,  if  present,  and  also  of  the  lailk.  Periodically 
samples  and  findings  are  shox<fn  to  and  discussed  with  the  tin-plate  pro- 
ducer.   Specj.al  samples  involving  specific  problems  of  production  are 
examined  as  required. 

9-  Sources  of  Tin  Plate 

Before  any  producer  is  placed  on  the  Borden  Approved  List  as  a  desirable 
source  of  electrolytic  plate,  extensive  tests  are  made  of  representative 
tin  plate  for  can  fabrication  and  corrosion  resistance  qualities.  Present 
sources  of  tin  plate  reflect  such  studies.    Although  not  all  shipments  and 
producers  are  100^  perfect,  the  constant  control  tests  outlined  above  and 
those  made  at  the  tin  shop  for  fabrication  qual.ities  tend  to  keep  undesirable 
tin  plate  to  a  miniminn. 

DISCUSSION 


Question:    It  appeared  from  the  panels  that  were  passed  around  that  the 
etching  pattern  can  be  changed  by  retreatment. 
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Tjarks:       I^.  Vaurio,  of  TJ.  S.  Steel  RewSearch  Laboratory,  is  best  quali- 
fied to  answer  the  question  of  the  methods  of  retreatment* 

Vaurio:       The  picture,  as  far  as  the  pattern  of  corrosion,  is  determined 
aLnost  100^  by  the  tyoe  of  oxide  film  that  is  laid  on  the  plate 
right  after  the  melting  operation.    The  type  of  oxide  film  is 
determined  by  how  the  filming  treatm.ent  is  applied.    The  usual 
filming  treatments  are  oxidizing  solutions  such  as  chromic  acid 
or  chroma tes  and  phosphates,  either  with  or  without  electric 
current.    In  the  electrochemical  treatment  we  have  a  two-phase 
treatment.    In  the  first  pass  which  is  the  cathode,  the  tin 
plate  is  cleaned,  and  in  the  second  pass,  which  is  the  anode^ 
the  protective  film  is  laid  doxm  on  the  surface  of  the  tin. 
That's  the  usual  method  which  Ilr.  Tjarks  referred  to  as  the 
general-purpose  tin  plate,    lie  recognize  that  for  evaporated 
milk  we  have  to  have  a  tailor-made  product,  one  whose  protecti"ve 
film  is  much  more  effective  than  the  film  used  for  the  general- 
purpose  tin  plate.    In  the  electrochemical  method  the  anodic 
portion  of  the  film  treatjnent  is  eliminated. 

Hartman:      IJhat  is  the  effect  of  complete  removal  of  oil  base  on  "burn-on"? 

Tjarks:     We  haven't  tried  it,  but  you  cannot  make  a  can  mthout  an  oiled 
surface.    In  the  first  place,  you  scratch  the  tin  plate  in 
fabrication  and  "fire  burn"  it  so  you  x-jould  have  a  badly 
corroded  plate  after  processing. 

Wells:        You  mentioned  cottonseed  oil  iias  used;  I  thought  that  palm  oil 
was  used  for  tin  plate. 

Tjarks:       Palm  oil  is  used  in  the  hot-dip  process,  but  cottonseed  oil  is 
used  for  electrolytic. 
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